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It's another pace-setting development by Kaynar, who 
pioneered the first lightweight, self-locking nuts for air- 
frames, missiles, jet engines and electronics. 

The new Kaylock H-14 offers these exclusive advantages: 

• 20% to 62% lighter than Kaynar's original H-10 hex 
nut series— smaller envelope dimension 

• Tensile strength rated for 160,000 PSI bolts 

• Uses two-size smaller sockets than for Standard AN 
and NAS nuts 

• Nut and bolt can be moved closer to load center line 


NEW fTTffffll H-14! 

First 160,000 PSI LOW HEIGHT Locknut 




See how new Kaylock H- 1 4 

• Saves weigh! and space 

• Brings bolt closer to load center line 

• Permits narrower flanges 



Patented* Kaynar thin-wall, resilient self-locking 
device assures uniform locking torque 
Also available in A286 corrosion-resistant steel for 
900°F 


i Cel ALL the facts about the neic Kaylock H-14. Fill in 
' and mail coupon now! 
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KAYNAR MFG. CO., INC.- KAYLOCK DIVISION 
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THROUGH 

Stretched 

Acrylics 


BY GOODYEAR 


You are looking through an airliner window of 
stretched acrylic. 

The plane is a Fairchild F-27— but it could be a 
Boeing 707 or Douglas DC-3. For all of these air- 
liners— and some of the latest military jet aircraft 
as well— are using stretched Plexiglas* for windows 
and canopy bubbles. 

Leading fabrication techniques and design criteria 
for low-cost mass production of stretched acrylics 
have come from Goodyear Aircraft Corporation- 
pioneer in this important field. 

Goodyear Aircraft stretches Plexiglas in such a man- 


ner that it is transformed into a tough, durable, craze* 
and crack-resisting material without the loss of the 
fine optical properties for which acrylics are known. 
These same techniques make possible Goodyear 
acrylic visors for pilot helmets— protecting their eyes 
without impairing their vision. 

For facilities, experience and skills in all phases of 
acrylics fabrication — including similar operations 
and stretching and forming— the company to contact 
is: Goodyear Aircraft Corporation, Dept. 916AC, 
Akron 15, Ohio. 


ENGINEERED PLA8TICS-a prime capability of 

good/year aircraft 

*piexiE!as u a trado-mwh of Roiim a nan, company, Philadelphia, pa. Plant s in Akron, Ohio, and Litchfield Park, Arizona 




NEW LANDMARKS OF THE JET AGE 

Raytheon air traffic radars operating at U. S. airports 
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Here is a man you should know 


he’s a DELAVAN FUEL INJECTOR SPECIALIST 

men™ specializing in injection devices for thrust augmentation and primary fuel 
injection. He’s been with Delavan 5 years, and has designed and developed fuel 







(Confirmed from page 5) 




Avco 


Nashville 


Avco /Nashville 

And 

Convair 880 


the skies . . . racing the sun at 615 mph. 
Avco’s Nashville Division is proud 
of the contribution it has made to the 
new luxury craft: vertical and horizontal 
stabilizers, wing tips, wing leading 
and trailing edges. 

The Nashville Division's airframe 
manufacturing experience goes back 
to World War II and includes the B-24, 
B-36, B-47 and B-52 aircraft used by 
the Strategic Air Command. Along with 
the Convair 880, the Division currently 
is working on important components 
for the Grumman F9F Cougar, the 
Convair F-102 Delta Dagger, and the 
Lockheed C-130 Hercules. 

Nashville's facilities include 
161,000 square feet of “high bay” 
floor space. It has proven itself 
in advanced processing techniques, such 
as metal bonding, chemical milling, 
aluminum honeycomb structures for the 
aircraft of today, and Avcomb stainless 
steel honeycomb structures for 
aircraft and missiles of the future. 
Complementing these facilities is an 
engineering staff devoting its full time 
to airframe and missile structures, 
to provide “on-site" service, assuring 
quick, economical project completion. 
For more information on the 
Nashville Division's capabilities 
in aircraft structures, write : General 
Marketing Manager — Structures, 
Nashville Division, Avco Manufacturing 
Corporation, Nashville, Tennessee. 


step up 

your missile program 

with Solar’s proven capabilities 


O Solar’s Proven Leadership 
in Engineering and Research 
Since World War II, Solar's versatile 
engineering and research divisions have 
made many significant contributions to 
missile technology. They range from 
the development of lightweight, heat- 

and high-temperature coatings to the 
solution of difficult manufacturing 
problems involving missile fuselages, 
fuel tanks, nose cones, liquid propel- 
lant thrust chambers, solid propellant 
rocket cases and others. Right now. 
Solar is participating in the design, 
development and production phases of 
20 of America's major missiles. 
Responsibility for Solar's current mis- 
sile program is centered in a team of 
experts experienced in the many phases 
of missile development— from concep- 
tion to prototype and volume produc- 
tion. Collective experience of Solar's 
outstanding engineering and scientific 
team includes work on every major 
missile program! 

0 32 Years Experience in 
Taming ’Hard-to-Work’ Metals 

Today, Solar is the only company that 
has successfully furnace-brazed giant 
rocket engine chambers for all of 
America’s largest missiles. The cham- 
bers— designed to withstand combus- 
tion temperatures of 5500 F— are but 
one example of Solar's proven leader- 
ship in high -temperature technology. 
This leadership, along with the nation’s 
most advanced heat-treating facilities, 
is an important part of Solar's missile 
and systems capability. 

© Solar's Diversified Output 
Strengthens Missile Capability 

Solar’s many products, while diversi- 
fied, share a logical common bond. All 
are precision engineered; all receive the 
benefits of Solar’s extensive research 
and testing programs, and all are built 
to withstand stringent service condi- 
tions. Major areas of activity include: 
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AIRCRAFT AND MISSILE SYSTEMS AND 

components: Missile fuselages, nose 
cones, thrust chambers, solid propellant 
rocket cases and nozzles, controls, air 
vanes, afterburners, and other precision- 
built components. 

cas turbine encines: Lightweight, 
proven-in-service gas turbines ranging 
from 50 to 1100 hp for missile and air- 
craft ground support, airborne auxiliary 
power, propulsion and others. Solar has 
long been a leader in this field. 
DUCTINC SYSTEMS AND EXPANSION 
joints: Design, testing and production 
of complete ducting systems for aircraft 
and missiles. Largest array of expan- 
sion joints in the world, precision engi- 
neered and manufactured to exacting 
standards for handling of liquid missile 
fuels and for other applications involv- 
ing difficult problems of stress, tem- 
perature and vibration. 

ELECTRONIC COMPONENTS AND SYS- 
TEMS: Design and development — 
controls, tracking systems, missile 
instrumentation, data processing and 
communications systems, missile and 
aircraft guidance and control systems, 
target control systems, servomechan- 
isms, telemetering and timing systems, 
analogue computers and others. 

© Specialized Facilities in 
San Diego and Des Moines 
Solar's large completely staffed and 
equipped plants in San Diego, Cali- 
fornia, and Des Moines, Iowa, have 
the capabilities, experienced personnel 
and specialized facilities to undertake 
missile and systems programs of the 
widest scope and variety. Engineering, 
research and production facilities are 
being expanded by construction of one 
of the largest controlled atmosphere pit 
furnaces in the nation (for heat-treating 
large missiles) and a new 60,000 sq ft 
engineering and research building. 

For detailed information on how Solar 
can put its products, services and 
facilities to work for you, write to 
Dept. F-141, Solar Aircraft Company, 
San Diego 12, California. 



ENGINEERS WANTED: . CAoHcngins projects. 


-LiTT 7 


OPHTHALMOLOGIST 

by appointment 

TO THE DEFENSE DEPARTMENT 



/ /.///// \ \ \ 

From reconnaissance for peace or war to solving the secrets of 

^ / / / [ I H I \ \ 

o.uter space, sight and its tangent abilities are assuming increasing 
importance. To accomplish these ends, the lilnited States reties 
more and more on Chicago Aerial Industries, the pioneers in the development 

and manufacture of electro-optical and reconnaissance systems and units. 
Ophthal molo gists i . . by appointment. 


CHICAGO AERIAL INDUSTRIES 

I960 HAWTHORNE, MELROSE PARK, ILLINOIS • Offices: Darlon, Los Angeles, Washington, D.C. 





Environmental Control Systems 
...by Hamilton Standard 


14,000 NOW IN SERVICE 






HERE IS A MASTERPIECE of creative design, precision engineering and pro. 
ductivc skill— the essential ingredients of Hamilton Standard's 40 years of leadership 
In the changing world of flight. It is one of a complete line of air cycle and vapor cycle 
Systems now in production— today’s expression of a rich heritage of past achievement. 

earth’s atmosphere, Hamilton Standard has demonstrated the abilities fundamental to 
tomorrow’s accomplishments. Today’s contributions— together with such advanced 
development projects as environmental control systems for the North American B-70 
and F- 1 08 — typify Hamilton Standard’s ability to lead in the future as it has in the past, 



HAMILTON STANDARD 

Windsor Loch, Connecticut 

ENGINE CONTROLS • FLIGHT CONTROLS . PROPELLERS • STARTERS 
ENVIRONMENTAL CONTROL SYSTEMS • VALVES . PUMPS 





YOU ARE 

LOOKING AT 




designed and manufactured by Jarry Hydraulics, Ltd. 






WORLD LEADER 
IN high temperature 




The industry’s only multiple source— in production | 
quantities — (or ait types of stainless, aluminum and ' 
glass fabric - plastic high temperature cores. 
Pioneers in high temperature glass fabric - plastic 
honeycomb and first into outer space with 
honeycomb materials. 
Developers of HRP ( Heat Resistant Phenolic) 
honeycombs which make possible optimum core 
efficiency to suit specific high temperature 
applications. 

Most experienced and skilled technical service 
staff of any honeycomb producer plus the industry's 
largest RAD staff and facilities. 


\ Look to the Leader . . . 
Look to Hexcel for the 
significant developments 
in High Temperature 
i Honeycomb. Watch for 
an announcement soon 
about a major break- 
through in Welded Stain- 
less Steel Honeycomb 
...another first for Hexcel 
Research, Development, 
Manufacturing. 
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RYAN BUILDS BETTER 


THE 

RYAN ROLE 
IN JET 
TRANSPORT 




solving today’s problems today '.Burroughs 220 Computer 


In scientific computation and business data processing, the new Burroughs 220 is delivering tangible results today. 
Linking a powerful digital computer to equally powerful input-output subsystems, the 220 offers balanced perform- 
ance at the lowest application cost. Its expandable core memory, built-in floating decimal arithmetic, vast Datafile 
magnetic tape capacity and the multiple-card processing ability of Cardatron make this the most powerful system 
available in the medium price field. The 220 is just one part of a complete line of advanced Burroughs electronic 
data processing equipment... now in production ... now at work in hundreds of installations... supported by an out- 
standing team of computer specialists. Write today for 220 brochure, ElectroData Division, Pasadena, California. 


CD 


Burroughs Corporation 

"NEW DIMENSlONS/in electronics and data processing systems” 


Accessory power problems? 

There is a 
SUNDSTRAND 
solution 


Gearing 

and 

Gearboxes 





SUNDSTRAND lias delivered 25,000 constanc 
speed accessory drives in supporc of 36 major aircraft 
and missile programs. Over 6,000.000 drive flight 
hours prove their dependability. 

SUNDSTRAND’S constant speed accessory sys- 
tems provide: dependable 400-cyele a-c power in 
ranges from 1 to 90 kva . . . precision frequency con- 
trol ±.Wi down to ± .0259.'* . . . increased effective 
output of hydraulic pumps. 


Whatever the accessory power 
Secondary, or Emergency . . . se 


SUNDSTRAND. 



SUNDSTRAND 

AVIATION 



Just give us the “envelope”. . . we’ll do the rest! 



ASSURE MAXIMUM RESULTS ON PRIME AND SUB-CONTRACT PROJECTS 


* 

Design 

Tooling 

Production 



Contemporary weapons systems, because of their complexity, necessitate 
sub-contracting of major components, sub-systems and structures. And 
versatile capabilities . . . theoretical, technological, mechanical and managerial 
. . . are required to produce these "envelopes” efficiently and econdmically. 
Aeronca has these integrated facilities. That is why we can provide a 
Co-ordinated Design, Tooling and Production Service. This packaged service 
begins with evaluation of basic environmental data and culminates with 
"on schedule” deliveries. It has been eminently successful in supporting 
current operational weapons systems. 

Aeronca’s leadership is evident in its existing facility for designing and 
producing ... in quantity ... a complete range of brazed stainless honey- 
comb structures. This specialized capacity is one of the few in actual 
operation in the industry today. 

With extensive background in proprietary and sub-contract programs, 
Aeronca is prepared to work with you on air vehicle, missile, ground sup- 
port equipment and technical consultation projects. And we can say with 
confidence . . . just give us the envelope and we’ll do the rest. 


M%IOA manufacturing corporation 

1714 GERMANTOWN ROAD 
MIDDLETOWN, OHIO 



EXPANDING THE FRONTIERS OF SPACE TECHNOLOGY 


Lockheed Missiles and Space Division is extending the 
exploration of this basic science in many areas. Pioneering 
work is being conducted: free molecular flow problems in 
orbital flight: high altitude atmospheric properties: trajectory 
Studies and missile flight dynamics including ascent and 
re-entry: celestial mechanics with particular emphasis on 
orbit track predictions and de-orbiting; pre-flight analysis and 
range safety prediction; wind tunnel and shock tube testing 
and analysis and flight test data analysis. 

An important aspect of Lockheed's basic research and 
development is the systems approach to optimum flight 
performance by means of computer simulation of missile 
airframe, autopilot and guidance characteristics. 


Other studies are being made in the problems of lunar and 
planetary probes and man-in-space. 

Lockheed is engaged in all fields of missile and space tech- 
nology— from concept to operation. Its programs reach far 

rewarding future that scientists and engineers of outstanding 
talent and inquiring mind are invited to share. Write: 
Research and Development Staff. Dept. C3-17, 962 W. El 
Camino Real, Sunnyvale, California. 

‘‘The organization that contributed most in the past year to 
the advancement of the art of missiles and astronautics." 
NATIONAL MISSILE INDUSTRY CONFERENCE AWARD 


Lockheed 


MISSILES AND SPACE DIVISION 
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Aviation Week 


i Space Technology 
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Harrison Oil Coolers 



ISON RADIATOR 


GENERAL MOTORS CORPORATI 


EDITORIAL 


Secrecy Fog Thickens 


The recent experience of The New York Times with 
the Defense Department and White House over publica- 
tion of Project Argus is a typical example of how a 
deliberate effort is being made to thicken the fog of 
secrecy that separates the American people from the 
vital policies and decisions of its government. 

This fog of secrecy and attempted censorship is inher- 
ent in any government. But it has become particularly 
acute during the last three years as the tremendous im- 
pact of new technologies hit the traditional methods of 
operating the government. There are two choices avail- 
able to the men who attempt to operate contemporary 
governments. They can either get firmly astride these 
galloping technologies and exploit them fully to provide 
the technical foundation for a burgeoning economy and 
international scientific and military leadership, or they 
can try to stifle and ignore them until the inevitable 
pressures these technologies generate, force hasty, im- 
provised policy shifts and their attendant attempts at 
justification by suppression or garbling of the facts. 

We can well understand the soul searching The New 
York Times went through during its six-month abortive 
effort to get some solid facts on Project Argus into print 
and the final impatience with government pettifogging 
that resulted in its courageous decision to give the 
American people the facts about an event that lias vital 
significance, not only for the future of this nation but for 
the survival of the human race on this planet. It is 
similar to the process this magazine went through some 
18 months ago when we made the decision to tell the 
American people the facts about Soviet missile develop- 
ments and how they had been made known to our 
government through unimpeachable technical methods 
(AW Oct. 21, 1957, p. 26) but consistently ignored to 
make palatable a drastically reduced research and 
development budget. 

In both cases, there was some element of genuine 
military security involved. The basic decision the editors 
had to make " was whether the other considerations 
involved in allowing the American people to proceed 
along an inherently dangerous policy in blissful ignorance 
resulting from government-imposed secrecy were more 
important than the relatively small clement of military 
security. Both Aviation Week and The New York 
Times made the same ultimate decision that informing 
the American people on a matter vital to their future 
was the most important consideration. 

It is interesting in retrospect to note that in the case of 
our storv on the U. S. missile monitoring system, of 
which the Turkish radar installation at Samsun was only 
a part, the security issue raised by some government 
officials proved to be a false bogey. This missile monitor- 
ing network has been operating continuously and effec- 
tively since Aviation Week’s disclosure of its existence 
and is now operating in an augmented form more 
efficiently than ever before. 

We expect a similar pattern to emerge from the alleged 
security considerations of Project Argus. It is difficult 
to understand a policy of attempted concealment of 
lavers of nuclear radiation projected into space in a 100- 
niilc-thick layer and extending around the world. There 


is evidence that their existence had long since been 
detected by foreign scientists. 

During the past few months there have been numer- 
ous other examples of how the government policy of 
telling the American people only what it wishes them to 
know about their own affairs and future has been erupting 
and exposing some basically unsound decisions and 
practices in key technical areas. Among them are: 

• Atomic Energy Commission secrecy policies on radio- 
logical safety, including radioactive fall-out from nuclear 
tests. These arc primarily the result of the regime of 
Lewis Strauss as chairman of AEC; his successor, John 
McCone, has indicated basic changes in the AEC infor- 
mation policy are in prospect. It is clearly evident that 
an independent agency is required .to keep a close and 
continuous check on radiation effects on nuclear testing. 

• National Space Council. Recent hearings before Senate 
investigating committee have confirmed our earlier pre- 
diction (AW Oct. 6, 1958, p. 21) that this group which 
was designed by Congress to be the space policy setting 
organization has been vitiated and bypassed by the 
White House, and the details of the council’s operation 
and position in space policy are still being cloaked in offi- 
cial secrecy. 

• Nuclear Powered Aircraft. The more the veil of official 
secrecy is being lifted by congressional and individual 
sources the less the solid fiscal and technical grounds ap- 
pear to remain for the official policy of refusing to effec- 
tively support -this vital technical program. As long as the 
official secrecy blanket was complete on this program, its 
technical feasibility could be stifled. 

• Advanced Research Projects Agency. This tight pre- 
launch secrecy imposed on the Project Score communi- 
cation satellite enabled -top government officials to pur- 
vey a completely false and unjustified evaluation of its 
technical achievements. This phoney space publicity 
lasted only as long as the basic facts were concealed. 

• Renegotiation Board. The secrecy in which this organ- 
ization determines fiscal policy with relation to defense 
contractors without any regard to Defense Department 
policy or the policy of any other government agency 
concerned is certainly inconsistent with the rights of the 
American taxpayer to know the full facts on the financial 
transactions with which they are buying their defense 
hardware and vital research for the future. 

• Defense Department. The Office of the Secretary of 
Defense, in contrast to the three military services, is now 
operating on an information policy which bars release 
of any and all information except that which it specifi- 
cally authorizes at any specific time. It is the most 
blatant attempt at imposing peacetime government 
censorship that this country has ever seen, and it is being 
practiced with the type of deception, distortion and 
deliberate manipulation of news that we have come to 
associate with foreign propaganda ministries. 

It is the job of the American press, both general and 
technical, to cut through this thickening blanket of offi- 
cial fog and do the job as best they can of getting the 
facts to the American people on how the galloping tech- 
nology of our era will affect tlicir future as individuals 
and as a nation. -Robert Hot* 



Only these space-age valves . . . could form the life-or-death 
heart of the X-15 . . . carrying America’s first man into outer space! 
Write for complete information on Hydromatics FLO • BALL valves... 
excelling in every major missile, aircraft, and ground support system. 


Four FLO • BALL valves, 
controlling the simultaneous 
flow of LOX and ammonia, 
form the complete fuel 
metering package . . . 
main propellant valve, 
2nd stage igniter propellant, 
1st stage igniter propellant 
... the heart of the X-15 1 


Hydromatics, Inc. 



WHO'S WHERE 


In the Front Office 

Robert S. Caruthers, vice president and 
technical director. ITT Laboratories, Nutley. 
N. J.. research division of International 
Telephone and Telegraph Corp. 

George J. Pandapas. a director. Pacific 
Scientific Co., Los Angeles, Calif. Mr. 
Pandapas is president and board chairman 
of Electro Tec Corp. 

Robert T. Skinner, president. Tire Hvdro- 
dync Corp., Los Angeles, Calif. 

William H. Alper, president. Research 
Communications. Inc.. Washington. D. C. 

American-Standard, New York, X. Y.. has 
established two new divisions and made the 
following appointments: William A. Jones, 
president, Military Products Division, Nor- 
wood, Mass.; Dr. E. Justin Wilson, Jr., 
president, and Frank A. Parker, director- 
technical development. Advanced Technol- 
ogy Laboratories, Mountain View, Calif, 

Vcm Landis. Jr., vice president and gen- 
eral manager, Tamar Electronics, Inc., Los 
Angeles, Calif. 

James T. Duffy, Jr., vice president-research 
and development. Kellctt Aircraft Corp,, 
Willow Grove. Pa. 

Capt. Paul J. Burr (USN, ret.), vice pres- 
ident-products and planning. Flight Support, 

Inc., Metuchcn, N. J. 

Jay P. Freer, executive vice president 
and general manager-overhaul agency, and 
Lloyd F. Prunty. sales manager, Steward- 
Davis, Inc., Gardena, Calif. 

Honors and Elections 

Dr. Robert M. Page, Director of Research. 
U. S. Nasal Research Laboratory, has re- 
ceived the third annual Capt. Robert Dexter 
Conrad Award for his “contributions to 
science— especially in the fields of radio 
communications, radar and electronics. . . ." 

Dr. Robert S. Ross. Goodyear Aircraft 
Corp.'s manager of aircraft research and de- 
velopment. has been elected chairman of the 
Aircraft Industries Assn.'s aircraft research 
and testing committee succeeding E. F. 
Strong of Convair (Astronautics) Division 
of General Dynamics Corp.; Royal B. Jack- 
son replaces Dr, Ross as vice chairman of 
the committee. 

Changes 

A. M. Scott, chief engineer, Aero Division 
of Rolls-Royce of Canada Ltd,, Montreal, 
Canada. K. J. Blrore succeeds Mr. Scott 
as sales manager of the Aero Division. 

The Advanced Projects Organization, 
Chrysler Corp. Defense Group. Detroit, 
Mich., has announced the following ap- 
pointments: James C. Smith, Jr., executive 
engineer; Charles W. Williams, director of 
manufacturing operations; John M. Martin, 
director of plans and programs; Robert C. 
Tcrbcck, director of field operations. 

Dr. Herbert R. J. Grosch, manager-space 
program. Military Products Division. Inter- 
national Business Machines Corp., Nesv 
York, N. Y. Dr. Grosch will be in charge 
of the Vanguard Center, Washington. D. C. 

(Continued on page 103) 


INDUSTRY OBSERVER 

► Air Force's new air-launchcd ballistic missile, designated WS-138A, will 
employ inertial guidance. Tlirec of the 12 companies bidding as missile 
primes, including Boeing, Bell Aircraft/Thompson Ramo Wooldridge and 
Loekhced/Convair propose to use inertial system developed by North 
American’s Autonetics Division. Northrop plans to use guidance developed 
by its own Nortronics Division. F.ight other bidders, including Fairchild, 
Douglas /General Electric, Martin, McDonnell, North American, Raytheon, 
Republic and Temco propose to use Kcarfott inertial guidance. 

► I lughes Aircraft and Westinghousc Electric will submit anti-ballistic 
missile defense feasibility studies made with their own funds to Air Force, 
making a total of nine companies to submit such reports. Other seven 
companies received 5150,000 Air Force study contracts (AW Feb. 2, p. 23); 
They arc Boeing, Convair, Lockheed, General Electric, General Mills 
Mechanical Division, Radio Corp. of America and Raytheon. 

► Dvna-Soar 1, now in design competition between two teams headed by. 
Boeing Airplane Co. and The Martin Co., may be a forerunner of an orbital 
bomber but is considered by USAF and National Aeronautics and Space 
Administration as a rocket-powered research vehicle that essentially will be 
a continuation of the X-series research aircraft program. The hvpersonici 
glider will flv at speeds up to satellite speed but its chief mission will be 
to explore intense heating in the 12,000-1 -1,000 mph. area, wliich is the 
most critical in the so-called flyable altitude-speed “corridor.” After launch 
along a missile-like trajectory, Dvna-Soar will glide in the upper atmosphere 
and is expected to have better landing characteristics than the North Amer- 
ican X-l 5, its predecessor in research aircraft. 

► Cost of a Vanguard satellite vehicle plus the cost of firing is S3.5 million 
per shot. Total program cost is 597 million. Thrust of third stage solid 
Grand Central rocket engine climbs from 2,800 lb. at sea level to 3,100 lb. 
at altitude. 

► General Electric Heat Test Reactor No. 3 (HTRE-5) is scheduled to 
resume operations within the near future to complete its programed experi- 
ments as part of GE's aircraft nuclear reactor project. Fuel cells of HTRE-3 
were damaged late last year (AW Dec. S, p. 23) by an accident -attributed to 
errors made in electronic installation. New cells have been made. 

► U. S. plans a series of space probes to measure with greater accuracy the 
Astronomical Unit (distance from the earth to the sun). Accuracy now is 
known only to one part in a thousand. This means that a probe fired toward 
Venus and using perfect guidance might miss by as much as 50,000 mi. 
Probes will be fired under National Aeronautics and Space Administration’s 
space sciences program. Soviet lunar-solar probe fired Jan. 2 is believed to 
have been designed to measure the Astronomical Unit. 

► Approximately 15 satellites and space probes and about 100 sounding 
rockets are to be launched in calendar 1960 under present National Aero- 
nautics and Space Administration plans. Plans also call for 1 5 satellites and 
40 sounding rockets in the current calendar year. 

► Combined satellite and space probe tracking network for Defense Depart- 
ment-National Aeronautics and Space Administration will include 85-ft. 
dishes of the Goldstone, Calif., type at Woomcra, Australia and in South 
Africa, to be operated by NASA; an 85-ft. dish in Spain and a secondary 
high-capacitv acquisition antenna in Japan, to be operated by Defense; and 
seven other new tracking sites to support the Mercury manned space flight 
project. The seven stations will include four new Minitrack stations in 
Alaska, the U. S., Newfoundland and Canada; and stations in Hawaii, 
Texas and Bermuda for tracking and control of the manned satellite. 

► Bell Helicopter's XV-3 Convertiplane contract has been extended by 
Army to provide for further flight testing. Extension will allow Bell to 
test out the XV-3's gear shift system which reduces rotorprop speed about 
50% in forward flight. 


AVIATION WEEK, Morch 30, 1959 
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ABOARD 
THE NAVY’S 
A3J-1 

VIGILANTE 


COLLINS 

ELECTRONICS 



Striking at supersonic speeds in all weather. North Ameri- 
can’s A3J Vigilante Attack Bomber is a powerful and 
versatile addition to the Navy's arsenal of weapons. 
Aboard the Vigilante is the Collins-developed AN/ASQ- 
I91XN-3) Communication-Navigation-Identificalion Sys- 
tem, custom tailored to meet the stringent requirements of 
the A3J Weapon System. Skilled use of the modular 
design concept retains the advantages of standardized 
production and carrier support. 

Using to the fullest extent the unique Collins background 
and experience in avionic design and system engineering, 
this CNI system is thoroughly tested for performance, 
reliability, interference suppression and environmental 
compatibility. It provides the A3J Weapon System with 
outstanding electronic capability. 



C E D 


Washington Roundup 


Schriever to Head ARDC 

Maj. Gen. Bernard A. Schriever has been picked to 
lie-ad USAF’s Air Research and Development Command 
after a long stalemate within Air Force over the choice. 
Now deputy commander of ARDC, he has been head of 
its Ballistic Missile Division since August, 1954. 
Schriever, whose new appointment was first reported bv 
Aviation Week on Mar. 16 (p. 25), will succeed Lt. 
Gen. Samuel Anderson, who formally left his post on 
Mar. 10 to take over command of the Air Materiel 
Command. 

New appointment for Schriever will carry with it a 
third star. 

Space Council Appointments 

In other appoints, Dr. John T. Rettaliata, president 
of the Illinois Institute of Technology, was nominated 
by President Eisenhower last week to succeed Dr. James 
H. Doolittle as a member of the nine-man National 
Aeronautics and Space Council, governing body of the 
National Aeronautics and Space Administration. Dr. 
Doolittle resigned from the post after becoming chairman 
of the board of Space Technology Laboratories to avoid 
any possible conflict of interest (AW Jan. 19, p. 25). 
At the same time, the President nominated William 
A. M. Burden, a New York business executive to the 
to the council. Burden has been serving on the group by 
recess appointment. 

In Congress 

Meanwhile, Capitol Hill developments include: 

• Weapon systems. House Armed Services Investigating 
Subcommittee headed by Rep. Edward Hebert (D.-La.) 
will begin public hearings Apnl 1 3 on management under 
weapon system type procurement. First witnesses will 
be contractors. Subcommittee, thus far, has been antago- 
nistic toward weapon systems. 

• Appropriations. House Appropriations Committee will 
be late in clearing Fiscal 1960 budgets for action on the 
floor. At the earliest, the Department of Defense appro- 
priation bill and the independent offices bill containing 
funds for Federal Aviation Agency, National Aeronautics 
and Space Administration and the Civil Aeronautics 
Board will be reported out by the committee by May 1. 

• Renegotiation. House Ways and Means Committee's 
agenda is blocked out through April 21-indicating that 
extension of the renegotiation law will not be considered 
until after that date. 

• CAB Investigation. House Legislative Oversight Sub- 
committee, headed by Rep. Oren Harris (D.-Ark.) has 
not yet organized a staff. When this is completed, prob- 
ably in a few weeks, the group will proceed to program 
investigations of the activities of Civil Aeronautics Board 
and other regulatory agencies. 

Airport Aid 

House and Senate conferees on airport aid legislation 
will go into conference to reconcile the S465 million 
voted by the Senate for a four-year period and the S297 
million voted by the House when Congress resumes 
sessions on April 6 after an Easter recess. 

The Senate program, despite Administration oppo- 
sition, was passed 63 to 22 (AW Feb. 16, p. 39). The 


House version was finally voted 272 to 134 after numer- 
ous attempts to reduce the S297 million even further. 
The Administration, represented by Federal Aviation 
Agency Administrator Elwood Quesada, had proposed a 
$200 million program. 

The two key House amendments defeated on record 
votes provided: 

• Reduction in the program to $200 million. Offered 
by Rep. James Davis (D.-Ga.), the amendment was 
defeated 194 to 214, after having been previously 
approved on an unrecorded vote. 

• Require year-by-year appropriations for federal aid. 
Proposed bv Rep. John Bell Williams (D.-Miss.), this 
was defeated 191 to 216. 

The House voting indicated that there is not enough 
strength in Congress to override a possible presidential 
veto of the airport aid legislation. 

The President last year vetoed a four-year $475 million 
program. 

Here arc the differences between the House and Senate 
versions of airport aid legislation: 

• House bill provides $63 million a year for allocation to 
the states and territories under a formula based upon area 
and population as compared with $75 million in the 
Senate bill. 

• House measure gives the Federal Aviation Agency Ad- 
ministrator a discretionary fund of $20 million in Fiscal 
1961, $15 million in Fiscal 1962 and $10 million in Fiscal 
1963. No funds for discretionary use are provided for 
Fiscal 1960. Senate authorized $25 million a year for 
the four years. 

• Senate bill provides a $65 million emergency fund for 
immediate expansions. This provision was completely 
eliminated by the House. 

Jet Fare Study 

In another area, early groundwork to set definite jet 
service fares is now under way with the Civil Aeronautics 
Board notice last week requesting carrier views on this 
point within the next two months. CAB pointed out 
at the time it granted jet surcharges to American Airlines 
that it needed a background of at least six months or 
more jet experience upon which to base any study of 
jet fares. Expiration of several domestic passenger tariffs 
on July 31 will further sene to highlight the need for 
a CAB ruling on this matter. Board members say. A 
decision in the General Passenger Fare Investigation is 
expected soon, but it is unlikely to provide any final 
answer to jet fares. 

Supplemental Squeeze 

Greater opportunity for the newdy certificated supple- 
mental air carriers to win contracts for international mili- 
tary traffic in bids against scheduled airlines is being 
pushed by A. J. Rome, vice president of Los Angeles 
Air Service, who said last week that bids by the small 
lines “may be thrown out arbitrarily” by the Military 
Air Transport Service. He added that, if an appeal is 
made to the Small Business Administration, “not expert 
in aviation, Small Business Administration seeks advice 
from the very military people who rejected” the bids. 
He proposed the SBA go to the Federal Aviation Agency 
or the Civil Aeronautics Board for advise in cases of 
such appeals. 

—Washington staff 
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USAF X-17 missile, mannfactmcd by 1 
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September. Night firing 


Space Technology 

Argus Radiation Hit 4,000 

By Evert Clark 

Washington— Electrons injected into the earth's magnetic field by three 
small high-altitude nuclear explosions last August and September apparently 
were detected as late as last Dec. 6 and traveled out as far as 4.000 mi. into 
space along magnetic lines of force. Strongest part of the initial radiation com- 
pared in intensity to that of the natural Van Allen radiation belts. 

The 100-mi. thick “shell" produced by the trapping of these electrons 
between magnetic layers was mapped and measured so thoroughly under 
Project Argus (AW Mar. 23, p. 35) that the shape and intensity of the 
earth’s magnetic field can now be predicted with “considerable accuracy 
out to distances of the order of several earth's radii,” according to the 
President’s Science Advisory Committee and the International Geophysical 
Year committee of the National Academy of Sciences. 

Both military and scientific implica- 


tions of the Argus experiments make 
it virtually certain that there will be 
considerable further exploration by 
similar techniques. 

Summary of the scientific findings of 
Argus was released by the White House 
last week at a press conference appar- 
ently called as a result of strong criticism 
from the press and some scientists over 


the withholding of the non-military 
information involved. Scientific papers 
concerning Argus will be presented at 
the annual meeting of the academy on 
April 27-29. 

Relevant military aspects of the re- 
sults have become available only within 
the last two weeks, the White House 
said, and non-classificd information had 


mi. Altitude 

not been officially released before be- 
cause. “it was considered advisable to 
withhold all results classified until a 
proper sorting of the information could 
be accomplished.” 

Bursts occurred in the early morning 
of Aug. 27 and Aug. 30, i958, and 
shortly before midnight Greenwich time 
on Sept. 6 at a latitude of approximately 
45 deg. south and between longitude 
aero and longitude 30 deg. west, at 
altitudes above 300 mi. Longitude was 
chosen to minimize the loss of electrons 
to the atmosphere. 

Results of the firings, monitored by 
satellite, rocket, aircraft, ground stations 
and ground observers and one lunar 
probe, included: 

• Initial flash of the burst was succeeded 
by “a fainter but persistent auroral 
luminescence in the atmosphere extend- 
ing upwards and downwards along the 
magnetic line of force through the burst 

• “Almost simultaneously at the point 
where this line of force returns to the 
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earth’s atmosphere in the northern 
hemisphere-the so-called conjugate 
point-near the Azores Islands, a bright 
auroral glow appeared in the sky and 
was observed from aircraft previously 
stationed there in anticipation of the 
event, and the complex series of re- 
cordings began.” 

• Explorer IV, which had been launched 
on July 26 into an orbit inclined to 
the equator by an angle of 50.13 deg. 
to gather background radiation informa- 
tion, reported absolute intensity and 
position of the shell of high energy 
electrons. With a perigee of 163 mi. 
and an apogee of 1,373 mi., the vehicle 
laced back and forth through the shell 
some 250 times before its primary trans- 
mitter died on Oct. 6. Shape, position, 
decay of intensity and angular distribu- 
tion of the radiation were measured. 

• Rate of decay of density as a function 
of altitude provided new information 
on the density of the remote upper 
atmosphere, since atmospheric scattering 
was the dominant mechanism for loss 
of particles. 

• “There was no diffusion of electrons 
transverse to the electron shell, since 
the thickness of the shell remained 
constant.” 

• Although "the intensity had become 
barely observable above the background 
of natural radiation” at the altitudes 
covered by Explorer IV in late Septem- 
ber, “it appears likely, however, that 
the deep space probe Pioneer III de- 


tected a small residuum of the Argus 
effect at very high altitudes on Dec. 6, 
1958. But the effect appears to have 
become unobservable before the flight 
of Pioneer IV on Mar. 3.” 

• Electrons, traveling in helical paths 
along magnetic lines of force, went “out 
to altitudes of over 4,000 mi.” This 
apparently was determined either by 
Pioneer III or by extrapolation. 

Speaking in California several days 
before the Washington press conference, 
Dr. James Van Allen said the manner 
in which the radiation was distributed 
around the earth lent support to the 
natural radiation belt theorv. Although 
he said he had been “specifically en- 
joined by a high government official” 
not to comment on the explosions, he 
said that Pioneer IV revealed no resi- 
dual radiation from the Argus shots. 

Prior to the experiments, trapping 
times ranging minutes for electrons 
whose paths were as close as 100 mi. 
to earth and weeks for those whose 

C ths ranged as close as 2,000 mi. had 
en predicted. 

Argus experiments were decided on 
late last April after consideration by the 
President’s Science Advisory Com- 
mittee. Advanced Research Projects 
Agency served as operational and tech- 
nological manager, with Dr. Herbert 
York, then chief scientist, directing. 
Air Force Cambridge Research Center 
and Stanford Research Institute devel- 
oped, located and operated a variety 


of monitoring equipment at ground 
stations and aboard aircraft and ships. 
Air Force Special Weapons Center 
directed sounding rocket work (see 
box). Armed Forces Special Weapons 
Project and Office of Naval Research 
also played major roles. 

Navy Task Force 88 handled the 
Argus firings from the USS Norton 
Sound. Lockheed Aircraft Corp. pro- 
vided the three modified X-17 rocket 
vehicles and a five-man Lockheed crew 
supervised the firings aboard ship. 

Two Soviet scientists later indicated 
that Russia had detected the artificially 
injected radiation and theorized that 
thev might have been caused by U. S. 
explosions in Nevada or the Pacific. 

Mercury Progress 
Detailed by NASA 

Washington— National Aeronautics 
and Space Administration last week 
reported that “significant progress" has 
been made in the following four areas 
in support of the Mercury manned 
satellite project: 

• Drop tests to determine optimum 
altitude for deploying the recoverable 
parachute, reliability of the chute sys- 
tem, motions to be expected during 
descent, impacts in water and ground 
landings and recover)' methods. Full- 
scale model capsules have been dropped 
from a USAF-Lockhccd C-130 transport 
at Ft. Bragg. N. C., and West Point, 
VA., and photographed by a Lockheed 
T-33 chase plane at the C-130's altitude 
and another at parachute deployment 
altitude. Recovery was made by two 
Marinc-Sikorskv HUS helicopters and 
an NASA crash boat. 

• Escape tests. Full-scale models are 
being used at the Pilotless Aircraft 
Research Station, Wallops Island. Va., 
for reliability tests of the escape system, 
aerodynamic studies of the capsule- 
escape combination, proper alignment 
of escape rocket nozzles and dynamic 
forces on capsule and escape arrange- 
ment during launch and descent. 

• Model program. Small free-flight 
models were flown on research rockets 
from Wallops Island through the full 
velocity range to investigate tumbling, 
re-entry and afterbody heating. Wind 
tunnels at Langley and Ames Research 
Center and USAF's Arnold Engineer- 
ing Development Center arc used to 
study scaled-down booster-capsule com- 
binations up to Mach 20. 

• Impact tests. Capsule will fall with a 
velocity of 30 fps. after descent from 
orbit. Drop tests in water tank facilities 
at Langley have shown that the present 
leading face of the capsule permits safe 
water re-entry. Crushablc materials now 
under study for ground landings include 
honeycombed corrugated plastic and 
aluminum and cellulose. 


ARGO Rockets Monitor Argus 

Washington— Effects of the high-altitude atomic explosions in Project Argus were 
monitored by the launching of 21 instrumented ARGO E-5 solid rockets from three 
Atlantic Ocean sites under the project name Jason (AW July 7. 1958, p. 26) as well 
as by the Explorer IV satellite, ground stations and aircraft. 

ARGO E-5 was an Aerolab Development Co. adaptation of a five-stage National 
Aeronautics and Space Administration hypersonic re-entry test vehicle. Both vehicles 
use an Honest John booster, two Nike boosters in tandem, a Recruit and a T-55 

Two ARGOs were used as test vehicles and 21 were fired before and during the 
time of tlic atomic explosions over the South Atlantic. Sixteen of these were consid- 
ered to have been successful. Sites were Ramey APB. Puerto Rico; Cape Canaveral, 
Fla.— from which nine were fired, five of them in a 2d hr. period around Aug. 30-nnd 
NASA’s Pilotless Aircraft Research Station at Wallops Island, Va. 

ARGOs carried 60-lb. battery powered instrument packages and telemetered 
results. Average altitude reached was 550 mi. 

In the first test vehicle firing at Wallops Island, instrument ]xiyload. provided by 
Lockheed Aircraft Corp., broke off from the vehicle. Second test vehicle performed 
satisfactorily. 

Instruments included Geiger counters and ionization chambers. 

Some ARGO shots were fired prior to the Argus explosions to take measurements 
of background radiation. Some of these early shots coincided with the high altitude 
atomic explosions on Aug. 1 and Aug. 12 which were part of Atomic Energy 
Commission's Hardtack scries and picked up some Hardtack radiation, which is 
understood to have interfered with Argus. 

Jason project was under the direction of Special Projects Division of USAF Air 
Research and Development Command's Special Weapons Center at Kirtland AFB, 
N. M. Aerolab crews handled field assembly and firing. Aerolab modification of the 
basic vehicle was aimed at converting it from the speed mission for which NASA 
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Atlas-Vega Can Boost Two Men Into Orbit 


Pasadena, Calif.— Atlas-Vega vehicle 
now under development by Matronal 
Aeronautics and Space Administration 
will be capable of boosting two men into 
a close earth orbit with enough equip- 
ment to sustain them for several weeks. 
A later development, Project Saturn, 
may boost five men into orbit for an 
extended period, and still another unit 
now under development, Nova, may be 
used for manned lunar or planetary 

Primary purpose and structure of the 
NASA vehicles under development were 
described here bv Dr. Abe Silvcrstein, 
NASA's director of space flight devel- 
opment, at the colloquium on the Re- 
alities of Space Exploration at the Cali- 
fornia Institute of Technology. They 
include: 

• Atlas-Vega, with a Convair Atlas first 
stage, a modified General Electric Co. 
X-405 Vanguard first-stage powcrplant 
as a second stage and a storable pro- 
pellant third stage when used for lunar 
or planetary missions, will have as its 

of the moon and deeper space. Close 
approach to a planet will require at least 

1,000 and probably 2,000 lb. of equip- 
ment devoted primarily to guidance and 
communication equipment. Silver- 
stein said Vega probably will be the 
first vehicle developed that can carry 
payloads or this magnitude to the vi- 
cinity of Mars or Venus. 

• Saturn, with the 1.5 million lb. thrust 
Rocketdyne cluster as a first stage 
booster, will have a gross weight of 
about 750,000 lb. ancl be capable of 
placing a 10-15 ton payload into orbit 
around the earth. Typical mission for 
this vehicle, Silverstcin said, would in- 
volve sending a crew of five into orbit 
with enough facilities to sustain them 
for several months. 

Orbital Supply 

Saturn, he said, "may well become 
the basic vehicle for orbital supply mis- 
sions involving the transport of food 
and supplies to crews in orbit, the ex- 
change of crew members and the trans- 
port of additional fuel and equipment. 

• Nova, based upon a cluster of four 
1 .5-million lb. thrust single chamber 
engines, was described by Silvcrstein 
as "the first vehicle of the series that 
could attempt the mission of transport- 
ing a man to the surface of the moon 
and returning him safely to the earth.” 
He added that, “with advances in the 
state of the art which must surely occur 
over the next five to 10 years, it is con- 
ceivable that the Nova would be im- 
proved to transport say two or three 
men on the earth-moon and return mis- 
sions. Four additional stages above the 


(original) three ... are required for the 
lunar return mission, including the 
rockets for landing on the moon, taking 
off from the moon and for re-entry into 
the earth's atmosphere.” 

Silverstcin said Nova also will have 
the capability of transporting payloads 
of approximately 75 tons into orbit 
around the earth "if it is needed.” 

In Washington last week, NASA 
headquarters announced that a $5 mil- 
lion contract has been awarded General 
Electric Co. for the second-stage engine 
for the Vega space vehicle. Engine will 



sites and fired (or the first time in (ull scale 
on this Atlas recently were unsuccessful. 
Scale model of another experimental abla- 
tion-type cone fired on a Thor-Able at about 
the same time also went imrccovcred. Both 
firings were from Cape Canaveral, Fla. 


be modified to start at high altitudes and 
restart after a coasting period in space 
in order to establish high orbits. It will 
bum kerosene and liquid oxygen as it 
does in the Vanguard vehicle but will 
have a thrust rating of 35,000 lb. in- 
stead of the 28,000 lb. in Vanguard. 
Convair is expected to get the vehicle 
contract for Vega. 

Cost of development of the entire 
vehicle is estimated by NASA at $24.3 
million, and cost per unit after devel- 
opment at 55 million. 

General characteristics of the opti- 
mum ionic rocket were described at the 
Pasadena meeting by Dr. 13. D. Lang- 
muir, of Thompson Ramo Wooldridge, 
who said it should have: 

• Mass of the power supply should be 
approximately equal to mass of the 
propellant. 

• Exhaust velocity should be approxi- 
mately equal to" the velocity which 
could be imparted to the mass of the 
powerplant alone if its entire energy 
output were converted to kinetic en- 
ergy. This velocity also would be ap- 
proximately the net increase in speed 
which can be imparted to the entire 
rocket if payloads arc small. 

A reasonable specific powcrplant 
weighing 1 to 100 kilograms per kilo- 
watt, would produce an acceleration of 
approximately .00 lg or less. Main- 
tained for nine days, this acceleration 
could produce escape from the earth’s 
gravitational field, providing the vehicle 
was first launched into satellite orbit, 
he noted. 

Specific Impulses 

Comparing specific impulses between 
ionic and chemical propulsion systems, 
Dr. Langmuir said a round trip to 
Mars, using an ionic system and pow- 
ered by a plant weighing 50 kilograms 
per kilowatt, will give performance 
equal to that of a chcmic.il system with 
a specific impulse of 300 sec. Simi- 
larly, 10 kilograms per kilowatt could 
be compared to a specific impulse of 
900 sec. 

Development goals described by Dr. 
Langmuir are: “first, to generate con- 
tinuous electric power in the range from 
several kilowatts upwards for weeks or 
months with a plant weighing as few 
kilograms per kilowatt as possible. Heat 
sinks and radiation shields present un- 
conventional problems. Secondly, to 
emit matter at velocities in the range 
of 20 to 100 kilometers per second at 
low rates in the range from 1 kilogram 
per day upwards, so as to develop 
thrusts ranging from a few grams up- 
ward, with wastage of only a small 
fraction of the energy". 

Communications requirements for 
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vehicles which will probe the edge of 
our solar system, pose unique prob- 
lems, according to Dr. Eberhardt 
Rechtin, of Jet Propulsion Laboratory. 

Dr. Rechtin also asserted that one 
of the realities of space exploration 
must be its economic aspects. 

Success of Russia’s Sputniks has al- 
ready cost the U. S. at least S3 million 
in world contracts plus added costly mil- 
itary and economic aid. Dr. Rechtin 
said. As proof of the economic feasi- 
bility of a satellite program. Dr. Rcch- 
tin said several companies have already 
completed studies on launching a com- 
munications satellite at their own ex- 
pense. Such a satellite could be used 
for radio and telephone communica- 
tions on a commercially profitable basis. 

If a vehicle was sent today, the U. S. 
would have to be content with the 
payload sent in it, the speaker con- 
tinued. However, considerable time 
would be available to build the ground 
portion of the communications equip- 
ment, since if a vehicle were launched 
today at the speed of light, it would 
take at least four years to reach the 
edge of the universe. Dr. Rechtin posed 
another question as to when a space 
probe vehicle should be launched. Con- 
sidering how rapidly technology is ad- 
vancing, it is quite possible that a better 
vehicle, launched one year from now, 
would reach the edge of the solar sys- 
tem at the same time as a vehicle 
launched today. How long shall we 
profitably wait? he asked. Dr. Rechtin 
estimatecl that about three years from 
now would prove optimum. 

Communications also will be plagued 
by Doppler effects caused by the speed 
at which the vehicle is receding from 
the earth. Normal voices would sound 
like a 78 rpm. record played at 335 
rpm. due to apparent decrease in ve- 
locity of propagation. Dr. Rechtin said. 

Referring to economics, Dr. R. P. 
Johnson, of Thompson Ramo Woold- 
ridge, said the cost of putting a manned 
space craft on the moon would be an 
estimated S10 million. He said the 
project would require a force of 200 
scientists, working for five years. 

Dr. Ernst Stuhlinger, director. Re- 
search Projects Laboratory, Army Bal- 
listic Missile Agency, said that the in- 
strumentation carried by space probes 
so far is merely to help prepare for 
“the exploration of space by the best 
instrument of all man himself.” How- 
ever, better instrumentation must first 
be developed to ensure man’s survival, 
he said, citing that one minute of arc 
error at a distance of 50 million miles 
would mean a lateral uncertainty of 

16,000 mi. beyond capability of pres- 
ent inertial navigation systems. To 
probe the unknown, however, would 
require manned space probes since in- 
struments can only measure what they 
are designed to measure. 


Airframe Companies 
Report Record Sales 

Continued emphasis on diversification 
was the theme of 195S annual reports 
last week of Lockheed Aircraft Corp., 
Republic Aviation Corp. and Chance 
Vouglit Aircraft. 

Two of the three— Lockheed and 
Chance Vought— reported record sales 
and earnings. 

Future outlook varied for the three, 
with Lockheed the most optimistic 
because of growing missile and satellite 
and commercial transport sales. Re- 
public predicted declines in 1959 but 
improvement in 1960. Chance Vought, 
despite the Regulus II cancellation last 
year, expects 1959 sales only second to 
its record 195S total, but is less specific 
about the years after. 

The figures: 

• Chance Vought— Sales for 1958 of 
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5333.192,432 compared with 5237,292.- 
770 the prev ious year; earnings of 58.- 
957,626, or S7.55 a share, compared 
with 56,152,383, or 55.65 a share, in 

1957. Backlog fell from 5670 million 
at the end of 1957 to S370 million. 

• Lockheed— Sales, 5962,679,000, com- 
pred with 5868,315,000 in 1957; earn- 
ings, S18,557,000, or 53.11 a share, 
compared with S16.309.000, or 52.77 
a share; backlog at vear-end was 51,1 56.- 

26S.OOO for 1958 and 51,280,000,000 
for 1957. Sales for 1959 arc forecast to 
include S375 million in missile and 
satellite programs and 5260 million for 
commercial transports. 

• Republic— Sales for 1958 totaled 
5218, 547, S79 compred with S269.017,- 
856; earnings were 55,120.901, or S3.4S 
a share, compared with S6.102.631, or 
54.15 a share in 1957; backlog at the 
end of 1958 was S40S million compared 
with S352 million a year earlier. 

Northrop Corp., in a report for the 
six months ended Jan. 31, listed sales 
of 5116 million compared with 5125 
million for the same period a year ago 
and earnings of 53,144,704 or 51.97 a 
share, compared with $2,864,369, or 
51 .82 a share a vear earlier. Backlog was 
5264 million, a chop from 5275 million 
a year ago. 

Other financial reports included the 
following: 

• Rohr Aircraft Corp. first half earn- 
ings for the period ended Jan. 31 rose 
slightly from 51,746,073 for the same 
period a year ago to 51,757.011 but 
per share earnings droppd from 51.20 
to 96 ants because of the sale of 300,- 
000 shares of stock to the public too 
iatc for adjustment in the totals. Sales 
rose 39%, to S89 million from S64 mil- 
lion. Backlog was 5213 million com- 
pared with 5245 million as of Julv 31, 

1958. 
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Sikorsky Designs HSS-2 as ASW System 


By Robert I. Stanfield 

Stratford, Conn.— Sikorsky Aircraft’s 
new HSS-2, twin-turbine powered am- 
phibious helicopter, designed from 
scratch as an anti-submarine weapon 
system and rolled out here last week, 
will be the Navy’s first all-weather 
rotorcraft that can both search out and 
destroy enemy submarines and still 
achieve maximum design range. 

First deliveries will be made to the 
Navy in late 1960. The service has 
awarded $32 million in contracts to 
Sikorsky for development and produc- 
tion of the HSS-2, and initial produc- 
tion is under way. 

The HSS-2 was produced and flown 
15 months after the initial contract 
was signed. It was first flown publicly 
last week, prior to which it had but 
5 hr. of flying time. The helicopter was 
powered bv two General Electric YT58- 
GE-6 engines with a guarantee of 1,050 
slip. each. Engines weigh only 271 lb. 
each, excluding the optional main re- 
duction gear of 77 lb. Weight reduction 
of the turbines, compared with piston 
engines, also means reduction in the 
helicopter’s empty weight and corres- 
ponding increase in payload. 

Deliveries of production engines— 
T58-6s— will begin in June this year. 
The engine has completed its 150-hr. 
model tests on JP-4 and JP-5 fuels and 
during qualification delivered 1.120 slip., 
weighed 256 lb. and logged specific fuel 
consumption at 0.613 Ib./hp./hr. The 
helicopter incorporates both gravity and 
pressure fueling. In-flight refueling is 
currently being studied. 

The HSS-2, in the weight class of a 
medium transport helicopter, meets 
Navy requirements-with its boat hull 
and retractable gear-for both land and 
shipboard operations. The aircraft is 
capable of single-engine operation with 
a full load, according to Michael E. 
Gluhareff, Sikorsky engineering man- 
ager. Maximum single-engine speed ap- 
proximates 1 05 kt. 

Rotor diameter of the HSS-2 is 62 
ft. Width is 16 ft. and length, from 
front of the hull to the tail rotor, is 
54 ft. 9 in. Height, wheels down to top 
of the rotor, is 15 ft. 4 in. Diameter of 
the tail rotor is 10 ft. 

The helicopter will have nuclear 
depth bomb as well as conventional war- 
fare capability. It will be fitted with 
four torpedo racks, bv comparison with 
the HSS-1, which can carry two Mk. 43 
homing torpedoes (AW Sept. 1, 1958, 
p. 56). It is said to provide "five times 
more defense than the HSS-1 it re- 
places” 

Mission capabilities include good con- 
trolled hovering features at low altitudes 


(50 to 100 ft.), day and night, plus the 
ability to stay up for extended periods. 
It has “twice the amount of endurance 
we have now,” said Cdr. Allen H. Yates, 
director of the Bureau of Aeronautic's 
rotary wing branch. 

The HSS-2 rotor embraces five all- 
metal blades which are interchangeable 
within the rotor and from one heli- 
copter to another. Both the main rotor 
and the five-bladed tail rotor utilize the 
extruded aluminum spar construction. 
Rotor blade anti-icing equipment is 
provided. The rotorcraft is the second 
Sikorsky turbine-powered helicopter 
built with a boat hull; the first was the 
smaller, single-turbine S-62. 

Sophisticated as helicopters go, the 
HSS-2 will be fitted with avionic navi- 
gation equipment incorporating Dop- 
pler systems to provide all-weather 
operational capability. Fully automatic 
blade folding equipment facilitates stor- 
age in hangars or aboard ship. The 
tail folds forward on the right side, 
stabilizer cocking over fuselage. 

Experience gained in the HSS-1 N 
(S-5S with all-weather capability) and 
the HSS-1 F (modified T-58 testbed) 
went into the making of the HSS-2. 
Rotorcraft is of conventional construc- 
tion—tub structure— with everything 
built around the tub. HSS-2 is basically 
all aluminum, with few applications of 
steel and titanium, and magnesium 
castings for the transmission. There is 
extensive application of glass fiber for 
non-structural fairings and doors. 

Most of the avionic equipment is 
grouped in the nose compartment. The 
cabin carries submarine detection equip- 
ment. Both the hull and sponsons, 
under which the retractable wheels are 
mounted, arc watertight and compart- 
mented. Fuel is carried in cells housed 
within the tub structure. 

Rear door is cargo type; forward en- 
trance door is hinged so that the two 
sections fold outward, one down and 
one up. The lower section, which 
folds down, contains integral steps for 

Ease of maintenance and inter- 
changeability of components were in- 
corporated into HSS-2 design. Helicop- 
ter’s engine cowling unfolds and serves 
as a service platform. The transmission 
work platform folds down so that a 
mechanic can climb up prebuilt steps 
on rotorcraft and make his checks. 

The tail drive-shaft fairing can be 
quickly opened via piano-tvpe hinges, 
for maintenance accessibility. Tire 
leading and trailing edges of the tail- 
rotor pylons arc fiber fairings, also 
quickly unhinge to provide access to 
controls and hydraulic systems inside 
fairings. 


One lightweight turbine engine can 
be pulled out in less than 30 min. by 
two mechanics using appropriate spe- 
cial support equipment provided bv 
Sikorsky, Michael Theodore, assistant 
project engineer, told Aviation Week. 
Mounted side by side above the fuse- 
lage, the engines allow more cabin 
space and better visibility. Small size 
of the engines led to the mounting of 
accessories on pads on the back side of 
the transmission. 

Three hydraulic systems— primary, 
secondary’ and utility— provide for pri- 
mary servos, secondary servos and gear, 
blade folding and other minor hydraulic 
equipment. Conventional-type geai 
also has pneumatic system for emer- 
gency’ actuation. Helicopter also fai- 
lures prime a.c. electrical system. 

Rescue capability is provided with 
600 lb. capacity rescue hoist installed 
on right side of the helicopter. A 
6,000 lb. capacity automatic touchdown 
release cargo sling can be installed to 
carry external loads. 

Development of the T58-GE-6 en- 
gine has been concurrent with the air- 
frame; still to be achieved is the full 
expectant life. The engine compressor 
is a 10-stage, smooth spool (first two 
stages shrouded), axial flow. Military 
rotor speed is 26,300 rpm. Compressor 
stator is a split cylindrical steel easing 
with 1 1 rows of vanes. Outer combus- 
tion casing is split into two 180 deg. 
segments to ease inspection. Sixteen 
fuel nozzles (eight on each of two mani- 
folds) are mounted on the front of the 

Power turbine operates nominally at 
19,500 rpm. and is reduced to 6,000 
rpm. through reduction gears. Length 
of the engine is 55 in. Diameter is 16 
in. Pressure ratio is 8.3:1. Militarv sfc. 
is 0.67 Ib./hr./hp. Specific weight is 
0.268 lb./hp. Compressor airflow is 
12.4 lb./sec. 

During qualification tests, the engine, 
in addition to delivering 70 hp. more 
than its guarantee, and weighing 1 5 lb. 
less than specification weight, made 82 
fully automatic starts, all bettering the 
starting time guarantees, according to 
General Electric. Horsepower and sfc. 
deterioration— 2.68% and 1.27%, re- 
spectively— were well under the 5% 
specification limit. 

Transport version of the HSS-2-the 
S-61-with three T58-GE-6 turbine en : 
gincs, will have a 50-in. longer fuselage, 
with the extension between the cockpit 
and constant section of fuselage. A 
mockup is being prepared at Sikorsky 
plant for displav at Paris air show. 

Marine vcrsion-HR3S-l-still is in 
the planning stage, and will carry 20 to 
25 fullv-equipped troops. 
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SIKORSKY’S HSS-2, twin-turbine powered omniphibious helicopter, will give the Navy all-weather capability for anti-submarine warfare. 
Power is supplied by General Electric T58-GE-6 turbines currently guaranteeing 1,050 slip. each. 



Joint Chiefs Detail Budget Defects 
To House Appropriations Group 


By Ford Eastman 

Washington— Fiscal 1960 defense 
budget of $41 million is adequate to 
meet current needs but could affect fu- 
ture U. S. capabilities, the House De- 
fense Appropriations Subcommittee was 
told in executive testimony made pub- 

Militarv chiefs and service secretaries 
agreed that funds requested would pro- 
vide for an effective defense for the pres- 
ent but expressed considerable concern 
over the programs that hare been, or 
will have to be, canceled, delayed or 
cut back in order to stay within the Ad- 
ministration-imposed $41 billion budget 

Lack of funding, especially on long- 
lead time items, they said, might re- 
sult in dangerous gaps within the next 
four or five vears. Rep. George H. 
Mahon (D.-Tt ) I co tte chair- 
man, said the services originally esti- 
mated total needs of S48 million for 
Fiscal 1960 to fund current and known 
future requirements. 

What's Needed 

The respective service chiefs indica- 
ted to the committee that more money 
could be used for the following pro- 
grams: 

• Air Force— Manned aircraft procure- 
ment, construction of a nuclear-powered 
aircraft, missile procurement, military 
construction and operation and maintc- 

• Army— Replacement, modernization 

equipment; funds to maintain person- 
nel strength of active Army and reserve 
forces; construction of facilities to pro- 
duce an anti-missile missile system, and 
adequate procurement of surface-to-air 
missiles. 

• Navy— Maintenance and moderniza- 
tion of ships and aircraft; procurement 
of new ships, aircraft and missiles; ac- 
celeration of anti-submarine warfare; 
procurement of fleet ballistic missile 
weapon systems, and increased research 
and development effort. 

Adm. Arleigh Burke, chief of naval 
operations, said the U. S. will be "in a 
very sad state along about 1965 and 
1966" because the Navy might not be 
able to carry out its mission unless 
something is done within the next few 
years to provide the money needed to 
replace most of the fleet which will be 
obsolete at that time. 

Gen. Maxwell D. Taylor, army chief 
of staff, did not criticize the lack of 
funds for the Army program. He was 
critical, however, of the method of al- 


location. Gen. Taylor said lie found 
some programs in the over-all defense 
budget being funded which appeared to 
exceed military requirements. On the 
other hand, he said he found other pro- 
grams inadequately funded. 

Gen. Thomas D. White, Air Force 
chief of staff, told the committee that 
the USAF budget does not represent a 
serious downgrading from the amount 
it had estimated it would require and 
that it would not adversely affect the 
national security'. He added, however, 
that any new intelligence information 
on the potential Soviet attack capabili- 
ties or technological breakthroughs in 
research and development could force a 
reappraisal of the budget and bring a 
request for more funds. 

McElroy Support 

Defense Secretary Neil II. McElroy 
strongly supported the budget in all re- 
spects and assured the committee that 
the "nation is prepared to meet the 
threat it faces today.” 

McElroy said the defense budget will 
provide for a military force structure of 
about the same over-all size and compo- 
sition as planned for the end of the cur- 
rent fiscal year. The Army will continue 
to support 14 divisions and other units, 
the Navy will operate 864 active ships, 
the Marine Corps will continue with 
three divisions and three wings and the 
Air Force will have 102 combat wings, 
three less than that planned for the end 
of Fiscal 1959. 

At the same time, McElrov admitted 
to the committee that Russia has the 
capability of producing a greater num- 
ber of operational intercontinental bal- 
listic missiles than that planned by the 
U. S. within two to three years but said 
that this fact did not necessarily repre- 
sent a serious threat. 

"The reason why the Defense De- 
partment does not plan to produce the 
number of ICBMs the Soviets are esti- 
mated to be capable of producing," 
McElroy said, “is that, in the judgment 
of the President, National Security 
Council and military experts, there is 
no particular logic in trying to match 
everything our opponents might do. 
Bomber Role 

"In the judgment of the Department 
the manned bomber is still the principal 
means of striking a decisive retaliatory 
blow and will continue to be the most 
important element of the retaliatory 
forces for some years to come. 

"That is why substantial funds have 
been included in the budget for pro- 
curement of additional B52s, B-58s and 


the supporting jet tankers. That is why 
substantial funds also have been in- 
cluded for procurement of additional 
Hound Dog air-to-ground standoff mis- 
siles for use by the B-52s and for con- 
tinuing development of the B-70 . . . 
Manned Bomber Force 
“Tire Defense Department plans to 
maintain a manned bomber force dis- 
tinctly superior both in size and in 
quality to that of the USSR," McElroy 
said. "In addition it also intends to have 
a significant capability in ICBMs, in 
land based intermediate range ballistic 
missiles, in submarine-based Polaris 
missiles, and in carrier-based bombers.” 

McElrov admitted that a surprise at- 
tack of a iarge number of ICBMs and 
IRBMs carrying nuclear warheads could 
inflict serious damage to the U. S. and 
its allies but said such a strike would 
not be strong enough to prevent a re- 
taliatory force from knocking out the 
attacking country. 

And, he said, under these circum- 
stances, he did not think such an attack 
would be launched. 

Margin of Superiority 

He warned, however, that the margin 
of superiority will narrow as the ICBM 
comes into the arsenals of the two coun- 
tries and that this country will live in 
peril until a defense against the missiles 
has been developed. 

McElroy said he recommended 
against going into production with the 
Army Nike Zeus anti-missile system on 
the advice that its capability of accom- 
plishing its objectives is not near at 
hand. 

Instead, he said, he felt the money 
should go into further research and de- 

Solar Awarded NASA 
Thrust Chamber Job 

Los Angeles-Solar Aircraft Co. will 
produce new lightweight rocket thrust 
chambers for a research vehicle being 
developed by the National Aeronautics 
and Space Administration. 

Chambers will be formed with a svs- 
tem of U-shaped channels enclosed with 
a brazed wrapping of fine gage metal 
ribbon. The technique, conceived and 
developed at NASA's Lewis Research 
Center under the direction of Edward 
F. Baehr, will permit greater flexibility 
in design and more effective cooling, 
while reducing weight. 

Thrust chambers will be 5 ft. in 
length with a 40-in. diameter exhaust 
opening, and will be made of a high 
temperature stainless steel alloy and pure 
nickel. Heat treat process involves cool- 
ing the completed chamber to minus 
100F, then heating to approximatelv 
900F. 
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Glennan Asks Review 
Of NASA Patent Policy 

Washington— National Aeronautics 
and Space Act provision, which requires 
that the government obtain title to in- 
ventions growing out of work per- 
formed for the National Aeronautics 
and Space Administration, may handi- 
cap the agenev's efforts, according to 
NASA Administrator T. Keith Glennan. 

Glennan told the annual government- 
industry meeting of the Electronic In- 
dustries Assn, here that he felt sure 
Congress will want to review this entire 
matter of patent rights. Pointing out 
that the Defense Department, operat- 
ing without such statutory constraints, 
normally seeks only a royalty-free 
license to inventions coming but of its 
sponsored work, Glennan conceded 
that "two such contrary patent policies, 
followed by government agencies work- 
ing in closely related fields of research 
and development, can be detrimental 
to the kind of cooperation that we must 
have from industry." 

The NASA administrator has au- 
thority to waive these patent rights if 
iic judges such action to be clearly in 
the public interest, Glennan said. He 
added that NASA will hold public hear- 
ings on waivers in mid-May. 

Glennan said that his agency will re- 
quire contributions from members of 
the electronic industry in three areas: 
• Design and fabrication of certain pay- 



• The guidance and control systems. 

NASA plans to launch an inflatable 
100-ff. -diameter aluminum coated satel- 
lite this fall to be used as a passive com- 
munications relav. with two more 
scheduled for launching in 1960. Radio 
signals will be bounced off the satellite 
using the NASA-Jct Propulsion Labor- 
atory installation at Goldstone, Calif., 
and the Bell Telephone Laboratories 
facilities at Holmdalc. N. J. Glennan 
expressed the hope that one or more 
industrial organizations might want to 
participate in these experiments. 

Computer Circuit Cuts 
Avionic Unit Weights 

New York-Novel microminiature 
solid-state circuitry development, which 
should permit a 100- to 500-fold reduc- 
tion in size and weight of avionic equip- 
ment for missile and space use has been 
revealed by Texas Instruments, Inc. 

Tiny transistorized computer flip-flop 
circuit demonstrated here is fabricated 
from a single crystal of silicon semi- 
conductor material measuring only 
txlxa'a in. It performs a function that 
normally would require two separate 
transistors, two capacitors and ciglit re- 
sistors. The company also has fabri- 
cated a phase-shift oscillator from a 
single semiconductor crystal, using the 
same controlled masking, etching and 
diffusion techniques from a single semi- 
conductor crystal. 

Texas Instruments sa\-s the technique 
should make it possible to cram the 
equivalent of 25 million components 


into a cubic foot of volume, compared 
with the 50,000 per cubic foot obtain- 
able using the present subminiaturc 
construction techniques. The new tech- 
nique can be used to produce circuits 
incorporating transistors, and solid-state 
resistors and capacitors, which makes it 
suitable for many computer and con- 
trol functions. The company has not 
yet developed a semiconductor equiva- 
lent of an inductor, but currently is 
working on this problem. Its solution 
will open up many additional circuit 
applications. 

Texas Instruments currently is work- 
ing with several computer manufac- 
turers to apply new solid-state cir- 
cuitry to their equipment. A company 
spokesman says the firm will work with 
other equipment producers to adapt the 
technique to their specific circuit needs. 
Sample quantities of new micromini- 
ature flip-flop and other circuits will 
be available in the very near future, the 

Unit demonstrated was constructed 
of silicon, but the technique is cquallv 
adaptable to germanium, the companv 
says. Development was sponsored with 
< p n ul Navy Bureau of Ships 

Texas Instruments also announced a 
new gallium arsenide diode which can 
be operated at temperatures up to 
32 5C, almost double the temperature 
of silicon diodes. New diode, rated for 
800 mw. dissipation at 25C tempera- 
ture is expected to be the first of a 
family of new extremely high tempera- 
ture gallium arsenide semiconductors, 
including transistors. 
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Space Technology 


ARPA Official Raps U.S. Space Pace 


By J. S. Butz, Jr. 

Daytona Beach, Fla.— U. S. is not 
planning to move into space at maxi- 
mum possible speed and is neglecting 
a vital requirement in its program by 
failing to immediately begin develop- 
ment of large maneuverable manned 
space vehicles which can transfer orbits 
and travel freely several hundred miles 
above the earth, according to David A. 
Young, chief of the Advanced Research 
Projects Agency's Space Technology 

ARPA has conducted preliminary 
studies concerning such vehicles under 
the designation MRS-V (Maneuverable 
Recoverable Space Vehicles), but Young 
said no funds have vet been provided 
for serious development work. 

Rocket Society Address 

In an address at an American Rocket 
Society Might Testing conference here. 
Young said the development of MRS-V 
vehicles was possible under today's 
state-of-the-art, and that they should 
be in an advanced hardware stage about 
three years from now in order to take 
full advantage of the growth in the U. S. 
space capabilities now programed. 

These planned capabilities around 
1962, as cited by Young, include suffi- 
cient power to place 20,000 lb. into a 
low orbit and a demonstration by Proj- 


ect Mercury of the ability of humans to 
live and function efficiently in space 
and then return to earth. 

If a large maneuverable vehicle is not 
ready as an immediate replacement for 
the Mercury capsule when the project 
is completed, Young believes that the 
U. S. will not have the chance to be- 
come clearly superior to the Russians 
in space activity in the near future. 

A MRS-V type development pro- 
gram. paralleling Project Mercury, 
could constantly take advantage of its 
findings and be ready for service shortly 
after Mcrcurv is completed, according 
to Young. Me said, however, “. . . real 
concern lies with the fact that . . . 
passive, unresponsive . . . satellites arc 
absorbing almost our total energies, 
leaving the preparation for and the de- 
velopment of maneuverable vehicles in 
the unfunded future.” 

National Aeronautics and Space Ad- 
ministration has S3 million cannarked 
in the Fiscal 1960 budget for the study 
of a follow-on vehicle for the Mercury 
capsule. Presumably, this will not allow 
a substantially greater effort than that 
being undertaken by ARPA. 

Young indicated that MRS-V vehi- 
cles now being considered would weigh 
20,000 to 25,000 lb. as compared with 
about 2.000 lb. for the Mercury capsule. 

Almost half of the weight of the 
MRS-V vehicles would be devoted to 


propellants and the propulsion unit 
necessary to change orbits and maneu- 
ver. Chemical fuel rockets probably 
would be used initiallv for this purpose, 
but, according to Young, some low- 
thrust, high-efficiency powerplants such 
as ion drives are far enough along to 
be seriously considered. These units 
would raise the needed weight for sur- 
vival gear and food stores since they re- 
quire a much longer time to complete 
a given maneuver. However, they offer 
the hope of making many more ma- 
neuvers per flight. 

While some debate is still going on 
within U. S. scientific circles as to the 
military usefulness of space vehicles, 
there is little doubt about the prevailing 
opinion at ARPA. Roy Johnson, ARPA 
director, has told Congress that ". . . the 
United States will, as a matter of its 
own national security, require the capa- 
bility to operate maneuverable vehicles 
in outer space, in much the same man- 
ner as onr jet aircraft perform , . .” 

In his address. Young said that 
MRS-V vehicles could be fired into 
roughly the same orbit with a large per- 
manent satellite that has communi- 
cations equipment aboard nr an auto- 
matic scientific laboratory. MRS-V 
could maneuver in the orbit and meet 
the satellite, service and repair its ma- 
chinery and equipment on a regular 
basis and eliminate any expensive design 
requirement for extremely long-life. 
Young said. Several satellite orbits 
might be entered by the NIRS-V vehi- 
cle before it returned to earth. MRS-V 
also might be used to clear space by at- 
taching rockets to useless satellites and 
then sending them into an orbit to 
intersect the earth so that they would 
burn up. 

Proper Approach 

Another strong ARPA opinion con- 
cerning the proper means of devel- 
oping military space vehicles was out- 
lined by Young. It is. he said, to make 
the first MRS-V units, or any type of 
space vehicles, strictly research units 
rather than follow any type of weapon 
system approach. And delay first flight 
with the multitude of considerations in- 
volved in the carrying and launching 
of weapons. 

These experimental vehicles presum- 
able would come under ARPA control 
and after their development programs 
were completed, they and the data they 
had provided would be turned over di- 
rectly to a military service for the de- 
velopment of a weapon system. ARPA 
believes that this approach as compared 
with the weapon system concept would 


Navy Space Plan 

Daytona Beach, Fla.— Navy hopes to launch two 50-lb. research satellites this 
year that will lead to two sophisticated space systems, one for navigation and one 
for global communications. Preliminary design has been completed on the two 
systems, which are being developed under the cognizance of Defense Department's 
Advanced Research Projects Agency. 

In its final form, the navigational system will consist of six satellites in staggered 
orbits so that one will almost always be overhead. They will be in high and stable 
orbits so that the Navy may issue almanacs which give the location of the satellites 
at any time of any day. and navigators mav determine their position from them in 
the manner now possible with the stars. 

Rear Adm. John T. Hayward, assistant chief of naval operations for research and 
development, predicted here that it will be possible to determine the position of a 
surface ship, aircraft or submarine within one fourth of a mile using this solar- 
powered satellite navigation system and that it may effectively replace LORAN 
and other radio navigation systems. Adm. Hayward indicated that this probably 
would represent the first time that a space system would be less expensive than the 
carthbonnd system that it replaced. 

ment similar to, but more sophisticated than, the apparatus- used in Project Score. 
An Army satellite with experimental communications equipment aboard probably 
wall precede the first Navy experiment, and it will test out some of the components 
planned for the Navy system. 

Rockets vehicles to launch the series of experimental satellites and final operational 
models have not yet been selected. Adm. Hayward indicated that, if possible, flic 
Navy will 53ve time by trying to get the 50-lb. units into satellite shots that are 
now planned by other agencies. 
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SPARROW III AND CECO . . .On the Navy’s team of advanced air defense weapons, 
the radar-homing, air-to-air missile Sparrow III promises to play a starring role. 


As prime contractor, Raytheon Manufacturing Company called on 
Chandler-Evans to produce an important servo control valve assembly 
for use in the missile's radar antenna actuation system. 


The ability to manufacture, assemble and test close-tolerance 
mechanisms — often working directly from the customer’s engineering 
drawings — has earned high regard for CECO as a 
subcontractor. When demands for quality and accuracy border on 
the “impossible” . . . ask CECO to review your drawings with the view 
of producing the necessary equipment on a subcontract basis. 


CHANDLER-EVANS CORPORATION WEST HARTFORD l, CONNECTICUT 

Interesting, informative literature on many CECO products is 
yours for the asking. Please address your request to Dept. 29. 




Test facilities conceived, designed, developed, and oper- 
ated by Marquardt Aircraft— which include the USAF- 
Marquardt Jet Laboratory and test installations of the 
U. S. Navy— perform an important role in the develop- 
ment of advanced propulsion systems, controls and 
accessories for air and space operations. Here, in a crea- 
tive engineering environment, professional engineers 
specializing in analysis, design, and operation of test 
equipment are constantly challenged by the complex 
requirements which must be satisfied to support critical 
development programs, including test support for long- 
range space research projects currently underway. 
Simulation of high altitude engine and equipment oper- 
ating conditions, handling and testing with new chemi- 


cal fuels, solving the problems of extreme temperatures 
and vibration, extrapolation of data for space applica- 
tions, and recording test data under conditions never 
before simulated, are only a few of the research and 
development areas presently being explored by engineers 
in Marquardt’s Test Division. 

Engineers and scientists whose training and experi- 
ence qualify them for responsible positions in the 
analysis, design, and operation of such advanced facili- 
ties will find full opportunity to demonstrate their tal- 
ents at Marquardt. May I suggest you contact Mr. Floyd 
E. Hargiss, Manager of the Professional Personnel 
Department, 16547 Saticoy Street, Van Nuys, California. 

Roy E. Marquardt, President 


1 —Test Division engineers under Chief Engineer Leigh Dunn 
(center) pioneer advanced development programs in Mar- 
quardt's unique and modern test facilities. Professional 
engineers wishing to join this creative engineering environ- 
ment will find opportunities in many fields, including: 

2 — Facility Design— Engineers experienced in design, me- 
chanical and thermodynamic analysis of industrial processes 
including systems for large air flow, steam, fuels, propellants, 
and oxidizers for both cryogenic and extreme temperatures. 
3 — Instrumentation — Engineers to advance the design of 
high-speed recording systems and analog computers and to 
use these systems in the collection of test data. 

4 -Facility Operations— Engineers to coordinate and super- 
vise the setup and operation of test programs for supersonic 
jet engines, engine controls, and rotating accessories. 
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of sound — Hurtling through space at 70,000 feet at more than 2.000 miles per hour, 
the B-70 will be guided to its objective by a Bombing-Navigation System designed 
and developed by the IBM Military Products Division. As it approaches the release 
point, the system will process data the observer needs to pinpoint the target, then 
the system will record the damage and guide the big bomber back to base. The Bomb- 
Nav System is one example of the advanced military electronics development in 
progress at IBM. Here, one of the world's largest groups of specialists in operational 
data processing and weapons systems management is available for assignment to the 
data processing requirements of national defense. Complete facilities for: Research ■ 
Development • Manufacturing • Testing • Product Support • Systems Management. 



Military 

Products Division 


Business Machines 

Corporation 

690 Madison Avenue, 



save a great deal of money, but probably 
not time, in getting any given weapon 
into operational space use. 

The problem that received the most 
attention at the technical sessions of the 
American Rocket Society meeting was 
the instantaneous presentation of tele- 
metered data so that a test crew might 
be capable of receiving advance notice 
of trouble during a missile flight, take 
corrective action and pres ent the loss of 
the missile. Present progress apparently 
is encouraging to those working on the 
problem. 

Needed at present arc better display 
systems, improved computer techniques 
to handle great volumes of data and 
more realistic mathematical methods of 
describing the functioning of missiles 
and their systems during maneuvering 
as well as steady state flight. As the 
number of tests increase, it is possible 
through empirical means, to improve 
these mathematical models of the mis- 
siles behavior. Ultimate use of these 
mathematical models will be to describe 
what should happen during a test and 
then place this information in a com- 
puter memory system; as the tele- 
metered data is readied from the 
missile, it will be reduced almost instan- 
taneously in the computer and com- 
pared with the information in the mem- 
on'. If the two sets of information do 
not check, warning lights flash and the 
test crew would be able to correct or 
adjust the malfunctioning system 
through command signals from the 


Missile Needs 

Daytona Beach, Fla.— Navy will use a 
new requirements system in the develop- 
ment of a large group of low-cost missiles 
of three basic types— surface-to-surface, 
air-to-surfacc and surface-to-air— all of 
which can be used effectively with TNT 
as well as nuclear warheads. 

Rear Adm. John T. Hayward, assistant 
chief of naval operations for research and 
development, told the American Rocket 
Society meeting here that contractors 
will not be required to meet a large 
number of detailed specifications in the 
design of the missiles but will be given 
two fundamental requirements: 

• That they be accurate enough to 
destroy a target with TNT. 

• That they be capable of doing the job 
cheaper than present Nas-y guns and 
missiles. 

Navy hopes that such missiles with 
their warheads will cost less than $5,000 
each if purchased in large quantity. The 
surface-to-surface and surface-to-air mis- 
siles, if purchased in quantity, would 
replace tire conventional armament on 
naval vessels. Tire nir-tosurfacc variety 
svould give naval aircraft a stand-off 
bombardment capability. 


ground or else abort the flight and ac- 
tivate a missile recovery system. 

Such an instantaneous data reduc- 
tion system and sophisticated mathe- 
matical ability in describing what is 
going on in a missile apparently is not 
far away, and there was strong opinion 
at the meeting that it would be available 
in a refined form to ensure man’s flight 
into space with Project Mercury. 

Top Engineer Leaves 
Black Knight Project 

London— One of Britain’s top rocket 
engineers, Paul Leyton, has quit the 
Black Knight development program in 
protest against the government’s attitude 
to space research. Leyton, who headed 
the Saunders-Roc development team 
on Black Knight at the Needles. Isle 
of Wight, becomes technical direc- 
tor of Black and Decker power tools 
company. 


The resignation is believed to point 
up the grave concern felt by many 
prominent scientists, engineers and in- 
dustrialists and expressed in radio, tele- 
vision and - press interviews concerning 
the policy adopted by the government. 

The British government has not de- 
cided whether or not to go ahead with 
a space research program. 

Leyton admits that the British could 
not hope to match the scale of the 
USSR and U. S. effort. But pointing 
to the two completely successful first 
firings of Black Knight, he maintains 
the British could at least show how 
space research could be done econom- 
ically. and without a costly scries of 
initial failures. 

Leyton told Aviation Week that 
failure to announce any kind of pro- 
gram was particularly frustrating to 
workers in the rocket field who had 
their own careers to think of. It leads 
to wastage of its best brains and damages 
recruiting in the missile field, lie said. 



Russian Jet Engine Displayed in Moscow 

Closeup of the front cud of the Soviet Mikulin AM-3 turbojet engine widely used in cur- 
rent operational bombers and transports including the Bison, Badger, Tu-104 and Tu-110. 
Note the large inlet guide vanes indicating the si/.c of the initial stage compressor blades. 
Engine is on display in the Moscow air museum and is operated at ratings ranging from 
14,500 lb. thrust for transports to 19,500 lb. thrust for military use. AM-3 has been in 
production since 1954. 
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Major Reorganization of Navy Proposed 


By Cecil Brownlow 

Washington— Navy is planning a ma- 
jor reorganization of its management 
structure with primary emphasis upon 
consolidating and upgrading the status 
of its research and development effort, 
tightening planning procedures and 
abolishing serious overlaps of authority 
and missions. 

Recommendations for the reorganiza- 
tion, made by a seven-man committee 
headed by Under Secretary William B. 
Franke, are scheduled to be acted upon 
by Navy Secretary' Thomas S. Gates, Jr., 
by May 1. They include: 

• Establishment' of a new Deputy Chief 
of Naval Operations for Development 
with three-star rank and wide ranging 
authority to succeed the present two- 
star Assistant Chief of Naval Operations 
for Research and Development. New 
office would be charged with integrating 
and coordinating the over-all Navy re- 
search, development, test and evaluation 
programs. 

• Creation of an Assistant Secretary for 
Research and Development as one of 
the three assistant secretaries permitted 
under provisions of the Defense Depart- 
ment Reorganization Act of 1958. 

• Merger of the Bureau of Aeronautics 
and the Bureau of Ordnance into a new 
Bureau of Naval Weapons in order to 
remove “troublesome areas of splintered 
responsibilities and split cognizance" 
under the present system. New unit 
would be Navy's largest bureau with ap- 
proximately 4)400 military' and civilian 
employes in Washington, another 
200,000 in the field, and would appro- 
priate about 65% of the Navv's total 
research and development funds. 

• Restriction of the duties of the 
Deputy Chief of Naval Operations for 
Air (Op-5) to the fields of naval aviation 
plans, programs, requirements, training 
and safety. Proposal would remove from 
his office the function of coordinator of 
the air reserve program and the present 
divisions of Guided Missiles, Flight 
Services (less the civil aviation liaison 
branch). Air Warfare and Naval 
Weather Service. 

• Establishment of a Naval Technical 
Corps with "equality of opportunity for 
promotion and career development" and 
elimination of the present restricted line 
designations. 

• Creation of a top-level policy council 
to improve military-civilian coordination 
and promote “timely consideration of 
policy matters.” Council would be 
headed by the Secretary of Navy and 
composed of the under Secretary, the 
chief of naval operations, commandant 
of the Marine Corps and the vice chief 
of naval operations. 


Secretary Franke estimated that the 
proposals, if approved as expected by 
Secretary Gates, will require a year to 
implement, another four years “to 
smooth out.” 

Far-ranging aspect of the recommen- 
dations is the proposal for the creation 
of a deputy chief of naval operations for 
development whose authority would cut 
across several present management levels 
and consolidate most of Navy's research 
and development effort and authority 
into a single integrated office. Organiza- 
tion under the proposed deputy would 
be aligned by weapon systems. Essen- 
tialy, he would have responsibility for: 

• Coordinating and directing the efforts 
of the bureaus and offices of the Navy 
Department “in meeting approved re- 
search and development program re- 
quirements to assure an integrated effort 
continuously responsive to long-range 
objectives, immediate requirements, 
fiscal limitations and a chancing tech- 
nology.” 

• Coordinating the various Navy re- 
search and development programs, in- 
cluding fiscal aspects, now performed 
by the Office of Naval Research. Per- 
sonnel responsible for this function in 
the Office of Naval Reasearch would be 
transferred to the new office. 

Other transfers to the office would 
include the Cuidcd Missiles Division 
of the deputy chief of naval operations 
for air and the research, development, 
test and evaluation functions and per- 
sonnel of the Undersea Warfare Divi- 
sion, the Surface Type Warfare Divi- 
sion, the Atomic Energy Division and 
the Air Warfare Division. 

In recommending the creation of 
the new post, the committee noted that 
the "complexity of naval aviation, 
guided missiles and nuclear weapons, 
the imperatives of anti-submarine war- 
fare and air defense and the exploration 
and use of space for military purposes 
have greatly increased the demand for 
discovery, development and adaptation 
of new equipment and new techniques 
for fleet use.” 

To make room for the new deputy 
chief in the Navy organizational table, 
the committee recommended that the 
present post of deputy chief of naval 
operations for administration be re- 
designated and downgraded to the post 
of assistant vice chief of naval opera- 
tions-director of naval administration, 
reporting directly to the vice chief of 

Under the plan, the Office of Naval 
Research would remain virtually un- 
changed, maintaining its primary re- 
sponsibility for initiating and conduct- 
ing basic research for the Navy and for 
maintaining contacts with scientific re- 


search organizations outside the Navy 
as well as for making contracts for the 
bureaus with educational institutions 
and nonprofit organizations. 

However, the functions of scientific 
data collection and development co- 
ordinating relating to the research and 
development program now performed 
by the Office of Naval Research would 
be transferred to the office of the 
deputy chief of naval operations for 
development. 

The committee recommended the 
merger of the Bureau of Aeronautics 
and Bureau of Ordnance to produce 
a "significant improvement in the total 
weapons systems effort within the De- 
partment of the Navy.” Such a merger 
would, the committee said: 

• Place approximately two-tliirds of the 
total development effort of the Navy, 
and much of the weapon system devel- 
opment, under the direct authority and 
control of a single executive. 

• "Bring within the cognizance of a sin- 
gle bureau most of the troublesome 
areas of split cognizance in weapons 
systems development (with particular 
reference to split cognizance within 
missiles and between missiles and air- 
craft)." 

• Coordinate and simplify the funding 
of major weapon system programs in an 
effort to expedite the development 

• Expedite “the timely development 
and procurement of all components” 
of a weapon system. 

• Promote economy through more effi- 
cient use of facilities and laboratories. 

The committee said such an organi- 
zation also should preclude any future 
need for the establishment of organiza- 
tions similar to the Special Projects 
Office organized for the development 
of the Polaris fleet ballistic missile when 
the program failed to fit specifically 
within an office of either bureau. The 
Polaris Special Projects Office, however, 
will continue in existence until the mis- 
sile system is in actual operation. 

If the merger is approved by Secre- 
tary Gates, enabling legislation must be 
sought and approved before the com- 
bined bureau can be established. 

Trimming of the duties of the office 
of the deputy chief of naval operations 
for air will strip away approximately 
45% of its present prcsonnel, leaving 
it with the primary responsibilities of 
stating requirements for future aircraft 
and air-to-air missiles, aviation person- 
nel, training and safety. 

The Nasal Weather Sendee Division 
would be transferred to the deputy 
chief of naval operations (fleet opera- 
tions and readiness) and the air resen’c 
program to the deputy chief of naval 
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operations (personnel and nasal reserve) 
under the proposals. 

The committee, in commenting upon 
its analysis of the office of the deputy 
chief of nasal operations for air, said 
it svas “svell aware that there is a 
volume of opinion held in the Navy" 
that the office "should be disestablished 
and that all of his functions should be 
transferred to other offices . . .” Reasons 
cited by some officers “and indeed some 
members of the committee” included 
opinions that the office fails to follow 
the organizational pattern of the re- 
mainder of the office of the chief of 
naval operations, tends to divide Navy 

and “prevents full integration of avia- 
tion officers throughout the organiza- 
tion of the office of the chief of naval 
operations." 

The report of the committee con- 
cluded, hosvcver, that there remains “a 
very real need for an experienced officer 
of senior rank to represent naval avia- 
tion in relations with civilian and mili- 
tary agencies outside the Navy Depart- 
ment,” including the Federal Aviation 
Agency, the National Aeronautics and 
Space Administration and the Air Co- 
ordinating Committee. 

In proposing the establishment of a 
Technical Corps within the Navy and 
the abolishment of the "restricted line” 
category, the committee said the latter 
designation “causes confusion and is 
the heart of the problem.” Restricted 
line officers, it said, "should be placed 
in a more distinct category where their 
special capabilities and their career po- 
tential may be fully recognized. A 
corps should be established to give 
them a recognized, rightful place in the 
personnel structure of the Navy. Their 
particular specialties should be em- 
phasized or given special designation 
within that corps.” 

Present group of restricted line per- 
sonnel could cither qualify for general 

Naval Technical Corps. Designations 
that would be eliminated under the 
plan include: 

• Engineering duty, including engineer- 
ing duty specializing in ordnance engi- 
neering. 

• Aeronautical engineering duty, includ- 
ing aeronautical engineering specializ- 
ing in aerology. 

• Special duty, including communica- 
tions, hydrography, law, naval intelli- 
gence, photography, psychology and 
public information. 

Other proposals recommended by the 
committee would merge the Eastern 
Sea Frontier and the Third Naval Dis- 
trict and the Western Sea Frontier and 
the 12th Naval District, and make the 
director of naval communications an 
assistant chief of naval operations. 

Members of the committee, along 
with Under Secretary Franke, were 


Fred A. Bantz, Assistant Secrctarv for 
Materiel; Adm. J. S. Russell; Marine 
Corps. Lt. Gen. M. B Twining; John 
H. Dillon, administrative assistant to 
the Secretary of Navy; Rear Adm. E. P. 
Holmes and Rear Adm. T. H. Moorer. 

Sputnik II Carried 
Corner Reflectors 

New York— Soviet scientists appar- 
ently mounted corner reflectors on 
Sputnik II to obtain orbit data bv radar 
and possibly to aid in initial guidance, 
engineers attending last week's conven- 
tion of the Institute of Radio Engi- 
neers were told by D. K. Barton of the 
Radio Corp. of America. 

The Russian satellite was tracked at 
an altitude of 1 1 3 naut. mi. on Feb. 4 
and 6 of last year by an AN/FPS-16 
monopulsc missile tracking radar in- 
stalled on Grand Bahama Island as 
part of the launch instrumentation for 
Project Vanguard. On both occasions 
the radar automatically tracked the tar- 
get to the limit of the range tracking 
system at 260 naut. mi. 

The results of tracking the satellite, 
according to Barton, were quite unex- 
pected. A target with an effective radar 
cross section of five square meters is 
required at a range of 260 mi. for unity 
signal to noise ratio— and the Sputnik II 
signal was about 20 db. above noise at 
this range. 

Plots of the signal strength showed 
broad maxima with a duration of 20-30 
sec., punctuated by a distinctive lobe 
and spike structure. Published data on 
the size and shape of the vehicle could 
not, according to Barton, explain the 



amplitude or duration of the signal, nor 
could any reasonable extrapolation for 
cylindrical, conical or spherical shapes. 

'Hie only configuration that could 
explain the observed signals consists of 
comer reflectors mounted to enhance 
the reflectivity over most aspect angles. 
Calculations from reflector theory show 
that such corner reflectors would have 
an edge length of about 80 cm. and 
would exhibit the lobe and spike struc- 
ture observed. 

It can be assumed that Soviet scien- 
tists depended upon microwave radar 
observations to provide orbit data be- 
cause the gain of the reflector w'ould 
fall off with the square of the fre- 
quency, so that L-band or UHF radars 
would sec a cross-section of only a few 
square meters instead of the 500 square 
meters observed bv the 5,480 me. AN/ 
FPS-16. 

Analysis of the tracking data estab- 
lished that the absolute root-inean- 
square tracking accuracy of the radar 
was 1 1 ft. Also, other features of the 
vehicle could be deduced, such as the 
vehicle apparentlv being stabilized 
against spin, that it tumbled clockwise 
as viewed from the northwest at a rate 
of 1.8 deg. per sec., and that a pair of 
corner reflectors were used spaced sev- 
eral feet apart. 


News Digest 


Russia claims a Mil Mi-1 single-rotor 
helicopter has set a new world altitude 
record of 21,989 ft. for rotary-wing air- 
craft in the 1,750-3,000 kilogram loaded 
weight category, beating the previous 
official mark by 1.011 ft. The Mi-1 re- 
quired 15 min. to gain the last 100 
meters of altitude above Moscow's 
Tushino Airport. Soviets also hope to 
establish an international speed record 
with the Mi-1 (AW Mar. 23, p. 23). 

Grumman Gulfstrcam turboprop cor- 
porate transport plane has been pro- 
visionally certified by Federal Aviation 
Agency, seven months after its first 
flight. First production Gulfstrcam has 
flown more than 200 hr. in the certifi- 
cation program. 

Lockheed Aircraft Corp. is establish- 
ing an Anti-Submarine Warfare Sys- 
tems Organization for the design and 
development of new ASW weapon, de- 
tection and classification systems. Unit, 
which will be responsible for originat- 
ing and evaluating all new ASW pro- 
posals by Lockheed, will include experts 
in the fields of operations analvsis, un- 
derwater acoustics, nuclear physics, 
aircraft design, tactics, ordnance, equip- 
ment, oceanography, data processing 
and electronics. 
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AIR TRANSPORT 


CAB Begins Full-Scale Probe of ATA 


Board of Governors alter association’s earlier stand, 
agree to cooperate with Board, Justice. 

Bv L. L. Doty 

Washington— Civil Aeronautics Board last week launched its full-scale 
inspection and review of the Air Transport Assn. (AW Mar. 23, p 36) after 
issuing a subpoena ordering the opening of the association’s files. 

The action was followed by a motion from ATA to hold the subpoena in 
abeyance “to protect the association’s legal rights." Meanwhile, ATA board 
directors, in a special meeting Wednesday, confirmed ATA’s original position 
of willingness to cooperate with both the CAB and the Justice Department 
in their dual probes. 

In the letter, the Justice Department 


Prior to the directors’ meeting, how- 
ever, ATA had reversed its original 
position and told the Board it wanted 
to reserve the right to keep certain of 
its files from the investigating pending 
the regular meeting of its directors 
April 7. 

This switch in position came about 
when the Justice Department an- 
nounced it wanted to conduct an in- 
vestigation of its own and when the 
Board staff gave every indication that 
the probe would be conducted with 
unusual enthusiasm. 

The combined moves suggested that 
the Board investigation might go even 
deeper than was indicated by the order 
which, in its wording, left virtually no 
field of ATA activity uncovered. As a 
result, ATA apparently took another 
reading of its position. 

Subpoena Prelude 

Mere are the events following the 
change in the ATA position that led to 
the issuance of the subpoena by the 
Board: 

• Board denied the ATA request to 
keep certain of its files from the in- 
vestigation and reaffirmed its intent to 
start the probe without any further 

• ATA then moved the date of its di- 
rectors’ meeting from April 7 to Mar. 2 5 
and asked the Board to defer the 
inspection until after the revised date 
of the meeting. The Board again said 
it could not agree to this procedure but, 
on the next day. issued its subpoena 
ordering that files be produced Mar. 26. 
As a result, ATA won its deferral al- 
though it was denied the interim period 
it originally requested. 

Meanwhile, the Justice Department 
made no move to begin its investigation 
and all preliminary arrangements follow- 
ing the letter requesting the probe have 
been made orally between the ATA 
and Justice Department. 


said it was interested in an inspection 
covering anti-trust matters. It refused, 
however, to comment openly on the 
scope of its investigation and, as of late 
last week, would admit publicly no more 
than the fact that it planned to conduct 
a probe. Spokesmen for the Board 
continued to hold the position that the 
“order speaks for itself” and refused to 
make any comment as to what the 
inspection and review is intended to 

Permission Sought 

In seeking permission to withhold 
certain of its files from the Board in- 
vestigation, ATA held that information 
in some of the files concerned cases 
pending before the Board and that 
revelation of such data could feasibly 
prejudice a case. It pointed out that 
planned arguments for hearings in pend- 
ing cases arc outlined in some files and 
that such information would give the 
CAB bureau counsel an unfair advant- 
age in presenting his case. 

In addition, ATA contended that it 
was within its right to withhold its files 
from inspection until Mar. 30 at least 
because of the portion of the order 
which reads: 

“. . . any interested person having 
objection to the issuance of a final 
order requiring ATA, its instrumentali- 
ties and the members of ATA to file” 
the requested documents and records 
shall submit objection within 10 days 
"and if notice is filed, written answer 
and supporting documents must be filed, 
within 20 davs” after the date of the 
order or Mar! 30. 

In its order, the Board called upon 
the ATA and its members to show 
cause why they should not: 

• File a copy of each resolution adopted 
by the ATA's board of directors and 
membership at general and special meet- 
ings. 


• File a list showing dues and assess- 
ments paid by each member between 
Jan. 1, 1939, and the present date. 

• File summary statements of ATA's 
authorized budgets for the years 1950 
through 1959. 

• Maintain complete minutes of direct- 
ors’ meetings, meetings of the general 
membership and other conferences. 

• File with the Board minutes of future 
meetings of the directors and general 
membership. 

• File copies of written opinions and 
reports submitted by the Air Traffic 
Conference enforcement office. 

• File with the Board a list, by subject 
matter, of all files destroyed by Air 
Transport Assn, and its instrumentali- 
ties and by ATA’s members pertaining 
to ATA activities and the members’ 
relationship with ATA since January, 
1956. 


CAB Drafts Plans 
For Jet Fare Inquiry 

Washington— Civil Aeronautics Board 
last week directed its staff to collect 
cost and traffic data on turbojet trans- 
port operations as a first step toward 
conducting an inquiry into fares for 
jet services. At the same time, the 
Board solicited views and comments on 
the fare issue from the air transport 
industry. 

Earlier, the Board approved jet sur- 
charges adopted by the International 
Air Transport Assn, in Paris last month 
on turbojet operations over the North 
Atlantic routes and certain Caribbean 
and South American routes. In Janu- 
ary, the Board vacated its earlier sus- 
pension of extra charges proposed by 
American Airlines on coach fares of 
Boeing 707 turbojet flights. 

In approving the surcharge for do- 
mestic flights, the Board noted that 
"our action with respect to these tariffs, 
of course, should not be construed as 
a final determination of the complex 
pricing problems that may attend the 
introduction of commercial jet air setv- 

Thc Board took a similar stand in 
its approval of the international jet 
surcharge by stating: “In view of the 
fact that the agreement is to be effec- 
tive for a limited period, a year in which 
the major transition to jet operations 
should be accomplished, . . . the Board 
concludes that approval of the agree- 
ment would be consistent with the pub- 
lic interest.’’ 
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'llie Board, however, reaffirmed its 
position that development of interna- 
tional air transportation will depend 
upon “adequate availability of service 
priced at the lowest level economically 
feasible." It added: 

“To the extent that jet services prove 
themselves to be more efficient than 
operations with piston-engine aircraft, 
as they show every likelihood of doing, 
we shall expect that the cost advantage 
accruing to carriers be passed along to 
the passenger through reductions in 

In approving the jet surcharge, the 
Board also approved a S5 increase on 
one-way economy, tourist and first-class 
transatlantic fares and a SI 5 increase 
on de luxe-class fares on the North 
Atlantic. 

Altimeter Misread 
In Viscount Crash 

London— Crash of a British European 
Airways Viscount in Ayrshire last April 
was due to the pilot’s misreading of the 
altimeter by 10,000 ft., according to 
the official accident report. 

The aircraft flew into the ground 
during its approach to Prestwick air- 
field. 

There were no fatalities. The Vis- 

pick up charter passengers. 

Report by Chief Inspector of Acci- 
dents P. G. Tweedie lists a lack of 
cooperation between the captain and 
first officer and lack of alertness on the 
part of the first officer as main con- 
tributing factors to the crash. 

The report says Capt. W. H. Hankin 
failed to notice the position of the 
10,000 ft. pointer as he looked across 
at the first officer's altimeter and re- 
ported the aircraft at 14,500 ft. instead 
of 4,500 ft. It savs he made the same 
mistake when reading his own altimeter 
at 2,500 ft. and 1,000 ft. 

"the presentation afforded by pres- 
sure altimeters having three pointers is 
not always conducive to rapid and accu- 
rate reading, especially in regard to the 
10,000 ft. pointer which can be over- 
looked or ignored, particularly at night,” 
Tweedie said. 

lie also expressed the opinion that 
Capt. Hankin had overloaded himself 
by handling all the radio contacts, writ- 
ing down weather reports, studying the 
approach and overshoot procedures, 
briefing the first officer on a possible 
overshoot, attending to descent and 
initial approach drills and checking the 
altimeters. 

The report also suggests the first 
officer spent too much time trying to 
tunc a short-range locator beacon al- 
though the main Prestwick beacon 
already had been tuned satisfactorily 
and other aids were available. 


Kollsman Denies Any 
Altimeter Malfunction 

New York— Kollsman Instrument 
Corp. officials, testifying at hearings on 
the American Airlines Lockheed Elcctra 
crash at LaGuardia Airport Feb. 3, said 
that investigation of the recovered al- 
timeters revealed no evidence of me- 
chanical failure or malfunction prior to 
the crash impact and water immersion. 

Kollsman’s view opposed that of co- 
pilot, Frank S. Hlavacek, who said that 
the Electra's altimeters both read 900 
ft. over the LaGuardia range station and 
that his instrument never read less than 
500 ft. on the approach (AW Mar. 23, 
p- 39). 

W. G. Brombacher. former chief of 
the Mechanical Instrument Section, 
National Bureau of Standards, and con- 
sultant to Kollsman. listed the following 
causes of possible altimeter error on 
Lockheed Electra N6101: 

• Elastic defects in the pressure sensi- 
tive elements may permanently and 
temporarily cause a shift in reading. 
Brombacher stated that these defects 
will not exceed 40 or 50 ft. 

• Leaky diaphragm capsule could cause 
an error of 500 ft.; however, tests made 
on the recovered instruments indicated 
no such leaks. 

• Friction caused by misalignment and 
small imperfections in the gear teeth 
will cause hesitation of the pointer. 
Friction is usually minimized by instru- 



Moratorium Asked 

Washington— Capital Airlines is seek- 
ing a moratorium on debts due this year 
totaling more than $17 million, acc'ord- 

tributed last neck.' 

Payments on notes due in 1959 
a o t ng to $12.2 million and one on 
notes totaling $5.1 million which were 
due in 1958 but were not paid will be 

Armstrongs now in progress arc sncccss- 
Viscount fleet was $70 million and, to 

the notes of $27.5 million/ 

Notes, which arc secured by a chattel 
mortgage, bear an interest rate of 13% 
in excess of the Bank of England rate 
not to exceed 63%. Under the proposed 
amendment to the chattel mortgage cov- 
ering the moratorium on the debt due in 
1959, a restriction wall be placed upon the 

new aircraft or the leasing of aircraft 
without approval of the noteholders. 


ment vibration, Brombacher noted, bul 
he added that even in an unvibrated 
instrument, 500 ft. errors are unlikely. 

• Shock damage could cause some mal- 
function of the altimeters. There is 
however, no evidence that the instru- 
ments suffered damaging shock, he tes- 
tified. 

• Other error sources, including tem- 
perature errors, scale errors, pressure set- 
ting errors and errors due to vibration 
would not approach 500 ft. on landing 
at New York, pressure altimeter's being 
most precise at sea level. 


American Route Bid 
Opposed by United 

Washington— Optimistic predictions 
that jet speeds will foster a new- group 
of daily coast-to-coast business com- 
muters were questioned last week by 
United Air Lines in the New York-San 
Francisco Nonstop Case. 

Filing exceptions to the initial de- 
cision of a Civil Aeronautics Board ex- 
aminer. who recommended American 
Airlines for nonstop authority between 
the two cities. United took issue with 
an American claim that jet transporta- 
tion will create a “new type of travel," 
such as New York businessmen who 
will be able to make a round trip flight 
to San Francisco in one day. 

United replied that development of 
a travel group such as this is not 
supported by sufficient evidence and 
said that jet round trip flight times will 
still exceed 10 hr. with an additional 
four hours of ground travel time, lcav- 
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Tests Link Karachi Comet Crash 
To High Stall Speed Near Ground 


London— Tests performed after a 
Pakistan inquiry into a dc Ilavilland 
Comet crash at Karachi six years ago 
confirm that stall speed of the Comet 
1A and 2 was higher near the ground 
than the certified stall speed determined 
in free air. 

De Havilland Aircraft Co. Ltd. and 
the International Federation of Air Line 
Pilots Assns. admit in an agreed state- 
ment that a stall speed in excess of that 
specified for Comet 1A and 2 aircraft 
lowered safety margins near the ground. 

The aircraft failed to become air- 
borne after its ground run and crashed, 
killing all on board. The official in- 
quiry under the direction of the Pakis- 
tan High Commissioner had attributed 
the accident to pilot error, the aircraft 
having entered a high drag condition 
due to the nose of the aircraft being 
raised at lower speed than that author- 
ized in the pilot manual. 

The British Air Line Pilots Assn, 
has appealed unsuccessfully since that 
time for a reopening of the inquiry on 
the basis of information not known at 
the time of the accident concerning the 
safety margins of the aircraft. 

In the new statement both parties 
agree that extensive tests carried out 
after the Pakistan inquiry fully confirm 
the scheduled performance figures of the 



aircraft, providing the prescribed takeoff 
drill was followed. However, the state- 
ment also reveals that these tests un- 
covered the "hitherto unrecognized” 
features that the stall speed nearer the 
ground was higher than the certified 
stall speed of the aircraft (determined 
in free air). 

Tliis disparity increased with gross 
weight and the safety margins at the 
highest takeoff weights were "found to 
be smaller than that indicated by the 
certification trials.” 

In effect, at the weight it was flying, 
the aircraft had a margin of only 51 kt. 
between the effective stalling speed and 
the scheduled unstick speed of 122.5 
kt. The margin increased to 9 kt. due 
to acceleration in the interval between 
initiating the maneuver and the moment 
of unstick. 

The flight manual mentions a safety 
margin between the safe flyaway speed 
and the stalling speed of 15% which, 
based on the speeds mentioned in the 
statement, indicates that the margin 
based on the certified stalling speed was 
believed to be approximately 13 kt. 

In the statement de Ilavilland ad- 
mitted that the “aircraft had a smaller 
margin for departures from its pre- 
scribed technique than contemporary 
piston-engined aircraft." But de Havil- 
land pointed out that no practicable 
increase in the unstick speed would have 
safeguarded the aircraft against the 
consequences of lifting the nose too 
early on takeoff. 

The flight manual called for the nose 
to be lifted at 80 to 85 kt. under all 
weights and center of gravity positions 
and the nose wheel kept in light con- 
tact with the ground until the initiation 
of the unstick maneuver at the sched- 
uled unstick speed. Climb-away speed 
was 4 kt. higher. 

"Although the de Havilland company 
were satisfied” the statement reads, 
"that if the recommended takeoff drill 
was followed, the aircraft was perfectly 
safe on takeoff, they decided that, to 
ensure a much wider margin for error, 
a modification to the leading edges of 
the wings of Comet aircraft should be 
installed.” 

It was subsequently fitted to all 
Comet 1A and Comet 2 aircraft. The 
present Comet 4 series cannot be 
stalled at any takeoff weight even with 
the tail bumper on the ground and 
suffers no prolongation of takeoff dist- 
ance for any attitude. 

The statement offers no explanation 
for the long delay in reaching this agree- 

But Aviation Week learned from 


one authoritative source that a possible 
cause of delay was the refusal by the 
aircraft company to disclose details of 
the stalling speed safety margin tests 
carried out at Karachi to British Air 
Line Pilots Assn, on the basis that 
the cause of the accident had alreadv 
been correctly and adequately assessed. 

Without proof of the lowered safety 
margins, the British Air Line Pilots 
Assn.’s request for a reopening of the 
inquire to decide whether this feature 
was a contributory cause of the accident 
was refused by the authorities. 

All Comet pilots, including the pilot 
of the Karachi aircraft, had been taught 
the takeoff technique which had to be 
adhered to in order to avoid the large 
increase in draj; and the resultant de- 

from a high nose-up attitude during 
takeoff. 

Sales Drive Begins 
For Canadair 540 

Montreal— Canadair Ltd. Division of 
General Dynamics Corp. last week be- 
gan a triple pronged international sales 
drive for its Napier Eland-powered Con- 
vair 540 transport aimed at covering 
the airline, executive and military trans- 
port markets in the U. S., South 
America and Europe. 

First of three Eland-powered demon- 
strators was hitting U. S. feeder airlines 
Inst week with Allegheny Airlines sched- 
uled to operate it over key route seg- 
ments on an experimental basis with 
Civil Aeronautics Board and Federal 
Aviation Agency officials as technical 
observers. Second Model 540 demon- 
strator is scheduled to begin a 25,000 
mi. South American tour late in April, 
with a third plane leaving for a Euro- 
pean tour and the Paris air show earlv 
in May. 

Canadair's whirlwind sales tour tech- 
nique is dictated by the fact that a 
hard decision must be made by July as 
to whether the 540 production line 
nmV operating at its Montreal plant will 
be continued beyond the 10 F.land- 
powered Convairs now being built for 
the Royal Canadian Air Force under 
the designation CL-66. Canadair 
bought the production jigs and tooling 
for the basic 440 airframe from the 
Convair Division of General Dynamics 
Corp. for production of the Eland- 
powered Model 540. 

Canadair is offering the turboprop- 
powered Model 540 in a standard 48- 
seat pattern with a practical operating 
range of 1.500 mi. plus reserves at 320 
mph. average cruise speed at 20,000 ft. 
With 58-passenger high density seating, 
range is reduced to 750 mi. plus re- 
serves, with a 14,260 lb. maximum pay- 
load version available for executive or 
cargo use (AW Feb. 16, p. 39). 
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Eastern Details Electra Maintenance Plan 


By L. L. Doty 

tcnance program— first of its kind" in 
the airline industry— has been adopted 
b\ Eastern Air Lines for major over- 
haul of airframes of its turbine-powered 
equipment. 

Eastern's fleet of Lockheed Electras. 
in service between Miami, New York 
and Montreal since Jan. 12 (AW Jan. 
19, p. 38), are now being maintained 
under the new system which was ap- 
proved in October by the Civil Aero- 
nautics Administration. The carrier’s 
fleet of Douglas DC-8s will be handled 
under the program as soon as the 
turbojet transports move into scheduled 

Primary purpose of dropping the tra- 
ditional block system in favor of the 
continuous maintenance system was to 
minimize the amount of time the high- 
speed aircraft will be pulled off the 
line for ma|or maintenance and over- 
haul work. Engineering officials of 
Eastern claim the program will limit 
the amount of time aircraft are held in 
hangars to 24 hr. for any phase of all 
scheduled maintenance requirements. 

The new Eastern system differs from 
the block system in that the periodic 
maintenance programs are divided and 
subdivided to cover specific major over- 
haul items on a staggered basis. 'Hie 
block system calls for maintenance of 
a given area of an airframe at one time, 
which, according to Eastern, often tied- 
up a Douglas DC-7 for as long as one 

The block system, which Delta Air 
Lines is using successfully and plans 
to adapt to its jet operations, provides 
for an eight-way breakdown of the nor- 
mal full major overhaul cycle of air- 
craft (AW Feb. 23, p. 39). National 
Airlines, which has its maintenance 
base here, plans to adhere to the major 
overhaul system for maintenance of 
its turbojet equipment (AW Mar. 2, 
P- 31). 

Major overhaul system calls for main- 
tenance of an entire airframe at one 
time at given periods of time. National 
engineering officials have reasoned that 
a carrier with a small fleet can ill afford 
to pull aircraft out of service with great 
regularity no matter how short a time 
the aircraft will be held in a hangar. 
Thev say that greater scheduling serv- 
ice is attained with a small fleet when 
all aircraft but the one which may be 
in maintenance is available on a day- 
to-day basis for flight operations. 

A fourth system, known as progres- 
sive maintenance, elaborates on the 
block system by increasing the number 
of airframe areas designated for main- 


tenance programing but is not widely 
used within the industry. 

Essentially, the continuous system 
calls for a phase check of an airframe 
every 200 hr. There are four phase 
checks, each with different work items 
to be accomplished, and after the com- 
pletion of the fourth check the cycle of 
phase checks is continued. Fitted into 
the phase checks are an A, B and C 
check, each of which covers items call- 
ing for major maintenance every 2,000, 
4.000 and 8.000 hr. respectively. 

As a result of this detailed break- 
down, each part of the airframe is over- 
hauled within the established inaintc- 

withdrawn from service for more than 
two days at most. To launch the pro- 
gram, Eastern was required to begin 
maintenance checks on certain items 
well ahead of the time actually set for 
their overhaul. 

This procedure was adopted in order 
to achieve a staggering of overhaul 
work on all items covered by the phase 
check and the A, B and C checks. 

Chief advantage of the system is that 
history of each part of the airframe 
and a sampling of its capability is ob- 
tained before the airframe reaches the 
full cycle of its normal major overhaul 
lifetime. Scheduled engine changes on 
the aircraft will be planned, whenever 
possible, to fit into a phase check ot 
the airframe. 

At present, the Allison 501 turbo- 
prop engine which powers the Lock- 
heed Flcctra has been given an 800 hr. 
overhaul time but this period will be 
extended as more experience with the 
engine is gained. Major engine over- 
haul is now being handled for Eastern 
by Allison but the airline will do all 
its own engine overhaul work when its 
new maintenance hangars, now under 
construction here, are completed. 


The continuous maintenance plan 
was evolved by Eastern officials after 
more than a year of planning and dis- 
cussing the proposed program with 
Lockheed engineers and Civil Aeronau- 
tics Administration technicians. CAA 
appointed a review board to handle the 
proposal and to work with local CAA 
inspectors in Burbank and Lockheed 
and Eastern engineers. 

Although the program was modified 
and changed from its original concept 
as a result of the meetings, the dis- 
cussions gave every representative in- 
volved an opportunity to study and 
analyze each part of the airframe in 
establishing a standard for overhaul 

In addition, the program now per- 
mits the airline to present more con- 
vincing evidence to back any requests 
for an extension of overhaul time on 
any given part. As one Eastern official 
pointed out, "It is easier to demonstrate 
to the Federal Aviation Agencv (suc- 
cessor to CAA) the basis for extending 
the overhaul time for one part or one 
section than for an entire airplane. 

The program, as it is now operated, 
also improves the safety factor in flight 
operations, according to Eastern engi- 
neers here. The system ensures top 
quality of all parts at all times and 
provides a method of anticipating diffi- 
culties which might not otherwise be 
detected. 

Eastern also is convinced that the 
system will reduce peak work loads by 
leveling-off the volume of maintenance 
work throughout the year. In addi- 
tion, elimination of peaks and valleys 
in the workload ensures a low turn-over 
of personnel which, in turn, helps main- 
tain a high-experience level among me- 
chanics. A total of 7,000 persons are 
employed at the company's main over- 
haul base here. 



Aeroflot Builds Tu-104 Overhaul Dock 


Aeroflot, state-owned Russian airline, is building a special dock, shown in model form, for 
overhaul and repair of twin-jet Tu-104 transports. 
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Port Authority Noise Investigators 
Criticize American’s Jet Takeoffs 


By Glenn Garrison 

New York— Port of New York Au- 
thority has complained that American 
Airlines is "not doing its share" in the 
jet noise reduction program at New 
York International Airport. 

Tabulating the results of monitoring 
SI 2 jet takeoffs during the five-month 
period ending Feb. 28, the Port Author- 
ity advised roar airlines operating jets 
at Idlewild that all but 83 of the take- 
offs conformed with noise reduction 
procedures. Over-all record for Na- 
tional Airlines. Pan American World 
Airways and British Overseas Airways 
Corp. was 6.8% non-conforming, the 
Port Authority said. 

But American failed to conform in 
-10 takeoffs out of 182. for a record of 
22% non-conforming performance, the 
agency charged. 

The noise reduction procedures, call- 
ing for special jet runway priorities and 
climb and turn regulations, were the 
basis for the Port Authority’s accept- 
ance of jets at the airport, 'lire accept- 
ance followed long reluctance on the 
Port Authority’s part to let the jets at 
their present noise levels into Idlewild 
at all. The controversy was finally com- 
promised when Pan American was al- 
lowed to bring its 707-120 into the 
airport on a trial basis last summer 
(AW July 21, p. 30). 

Pan American, however, has not been 
happy with the runway restrictions 
which have had the effect of limiting 
takeoff weights and reducing nonstop 
capabilities to Europe. 

In letters to the four airlines earlier 
this month. Port Authority Director of 
Aviation John Wiles’ reported that 
53.7% of the 812 jet takeoffs (which 
include training flights) had been made 
from runways 25 or 22 during the five- 
month period. Climb out from these 
runways is over water and these are 
the top priority runways for jets. 

Wiley said ' BOAC' had made 116 
takeoffs, with only four non-conform- 
ing; Pan American had made 3-16 take- 
offs, with 16 non-conforming; and Na- 
tional had made 1 58 takeoffs, 19 
non-conforming. In National’s ease, 
there were no flights after Feb. 4 which 
did not conform to the procedures. 
Wiles’ said. That ss-as the date svhen 
National reviewed the procedures with 
its flight cresvs. 

“We knosv you will be pleased, as 
sve sverc, by this evidence of (your) 
cooperation and genuine concern for 
the welfare of the airport’s neighbors,” 
Wiley ss’rote National, PanAm and 
BOAC. 


But to American’s O. M. Mosier, 
executive vice president-operations. 
Wilcv complained that ”. . . the over- 
all record of 22% non-conforming for 
your airline as against only 6.8% of 
the flights non-conforming for all other 
airlines operating jets indicates that 
American is not doing its share in the 
over-all noise reduction effort.” 

The Port Authority official reminded 
Hosier that he had been requested 
"ses'cral sveeks ago” to advise Wiley 
what steps American intended to take 
toward conformance. "In the light of 
American's continuing record of non- 
conformance. sve would appreciate an 
immediate reply to that request.” Wiley 

Wilcv also expressed the hope that 
"this regrettable record is not the re- 
sult of any indifference towards the 
noise problem on the part of either 
vour pilots or your management, and 
that steps will be taken promptly to 
improve conditions by issuing specific 
operational instructions to your flight 
personnel.” 

Wiley concluded Ins letter to Mosier 
with a plea for American's cooperation 
with airport neighbors, other jet air- 
lines and the Port Authority “in pre- 
serving the quite favorable attitude of 
airport communities toward the jets at 
this time.” 

American will reply to Wiley when 
the airline has completed collecting and 
analyzing data on its jet takeoffs, a 
spokesman told Aviation Week. This 
may be completed within a few’ days, 
he said. American’s policy is one of 
cooperation with the anti-noise pro- 
gram, but operating safety is always the 
first consideration, according to the 
airline. 

American Has Little 
Turbine Difficulty 

Los Angeles— American Airlines has 
experienced "practically no trouble” 
with the powcrplants of its Boeing 
707-120 and Lockheed Elcctra turbine 
aircraft, according to M. G. Beard, 

Most mechanical problems with 
the airline’s new jets and turboprops, 
which went into scheduled service in 
January, have been electrical and elec- 
tronic and in the airplanes’ systems. 
Beard reported at an Institute of Aero- 
nautical Sciences meeting here. 

Early operation of the Douglas DC-6 
and DC-7 piston planes, on the other 
hand, had been hampered by major 


powcrplant and aircraft bugs. Beard 

The American Airlines' official said 
it was too early to come up with sta- 
tistics on the turbine operations, which 
have been extended to two daily 120 
round trips between New York and 
Los Angeles, six Elcctra round trips be- 
tween New’ York and Chicago and five 
between New York and Detroit, and 
New York-San Francisco jet flights via 

But he cited some problems of early 
operation, including delays in obtain- 
ing spare parts. In some instances. 
Beard said, component vendors had 
stopped manufacturing certain parts 
pending modifications. It was necessary 
to get the old part back into limited 
production. It had been difficult to 
anticipate exactly which components to 
stock at various stations. Beard added. 

Third pilots are now serving on all 
the airline's 120 flights. Beard said. 
Modification of the cockpits to accom- 
modate this crewman was necessary. 

American’s pilots required about 20 
hr. of flight training per man on the 
turbine aircraft at the start, Beard said. 
Flight director system and instrument 
approaches gave pilots the most diffi- 
culty in training and took the most 
time. The 20 hr. should be cut to about 
12, however, as training progresses. 
Beard said. Average age of the pilots 
so far trained has been about 50 years. 
Although further experience will be 
needed for firm statistics, it appears. 
Beard said, as though age was not a 
determining factor in pilot checkout 

American has had some difficulty 
with pre-empting of desired transconti- 
nental altitudes by the military. Nor- 
mally, the crosscountry run is made 
with one step climb. From New York, 
initial climb is usually to 26-28,000 ft.. 
W’ith another 2-4,00(3 ft. climb to the 
step. Eastbound, with lower gross 
weights, initial climb is to 27-29,000 
ft., step climb to 29-33,000 ft., traffic 
permitting. 

Recent bad weather at Idlewild ex- 
posed a new problem with American's 
jets. One takeoff from a snowy runway 
caused slush to be thrown up from the 
main gears and resulted in minor dam- 
age to flaps, cargo door frame and other 
metal structure. Beard said the high 
speed of the 120's takeoff run causes 
slush to be thrown with greater fora’ 
than ever experienced by the airline. 
Some piston-powered planes, however, 
received minor damage landing on the 
slushy runways. 

American’s turbine fleet now totals 
six 120s and eight Electras, Beard said. 
Two of the jets are in scheduled service, 
two in training, and two are spares. 

Of the Electras, five are on sched- 
ules, one is in training service, and two 
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Convair Rolls Out Third 880 Jet Transport 

Third Convair 880 jet transport (aircraft at right) rolls out at San Diego plant of Convair Division of General Dynamics Corp. First 880 
(at left) was preparing to take off on its 20th flight. Second Convair S80 is undergoing proof load tests at Convair Structures Laboratory. 
Third ship is the first to be equipped with jet engine sound suppressors. 


Banker Sees Potential Jet Cash Harvest 


New York— Airline jet financing has 

that will enable the carriers to exploit 
their opportunities to reap a potentially 
bountiful cash harvest in the 1960s, 
T. Carl Wcdel, a First National City 
Bank vice president, told a Wings Club 
luncheon here. 

Wedel was optimistic that the air- 
lines would be able to generate the cash 
internally that will be a necessary coun- 
terpart to their borrowing to make 
their jet financing successful. From 
the lender’s viewpoint, however, he 
discouraged any further jet orders now- 
through projections lie made for the 
1960s indicated lenders then might 
feel secure in providing more funds 
for new aircraft. 

Future Borrowing 

In line with future borrowing possi- 
bilities, he dropped a strong hint that 
airlines should be paying serious atten- 
tion to broadening their equity bases 
now that airline common stocks have 
risen slightly above book value. “. . . A 
potential lender to an airline in 1965,” 
lie said, "will probably look with far 
more sympathy on a relatively high 
debt-equity ratio— should additional 
equity through public sale be difficult 
to obtain at that time-if the airline 
has shown willingness to seek additional 
equity during the intervening years 
whenever it could do so without too 
severely diluting the stake of its exist- 
ing stockholders.” 


"Premature” birth of a supersonic 
transport would make a great deal of 
difference. Lenders fully recognize the 
needs of airlines to keep competitive 
in equipment. Wedel said. Despite his 
strong hopes the supersonic transport 
would not arrive “prematurely.” he 
said he predicted it would be here 
before anvone expected it— “well before 
1970." 

One point Wcdel stressed as a 
good sign now is the realistic view air- 
lines have been taking of the cash pro- 
ceeds that will be available from sale 
of used piston equipment. "Gone arc 
the days." he said, “when every DC-7 
or Super Constellation was considered 
the equivalent of S2 million invested 
• in U. S. Treasury bills. ... To the 
extent that cash proceeds from their 
sales has been ignored or minimized in 
airlines' cash flow projections, to the 
same extent they can be virtually ig- 
nored as a critical factor in the success 
of the airlines’ financing of the jet 
a S c -' 

Wedel said the airlines, with a few 
exceptions, had successfully financed 
their entrance into the jet age (AW 
Dec. 15, p. 37). He broke down the 
jet financing picture in this fashion: 

• Total amount that will be borrowed 
probably will be in the SI. 4 billion 
range. Total long term debt today of 
•airlines probably is under S500 mil- 
lion (thought an all-time peak for air- 
lines). Their combined book net worth 
was slightly under S850 million at year 


end. Thus lenders, in effect, have 
agreed to lend airlines something under 
SI. 50 for every $1 or book value. To 
actually borrow the full amount of 
this commitment, the airlines must in- 
crease their present equities subsfan- 
tiallv— cither through public sale of se- 

Minimum Requirements 

Furthermore, lenders have set certain 
minimum requirements for working 
capital which are in some rases above 
its present levels in individual airlines. 
Cash must be found to close this gap 
or the alternatives mav be to cut back 
jet orders or induce the manufacturers 
to take “slow subordinated notes” in 
lieu of cash. 

This the manufacturers are unwilling 
to do. 

• Financing packages generally include 
about 45% of proposed borrowings 
from banks and the balance primarily 
from insurance companies— or a total 
of S600 million from banks and SSOO 
million from insurance sources, the lat- 
ter on a "long maturity" basis. This is 
the key to the successful advent of the 
jet age. because bank maturities in 
1961-65 of about S100 million a year 
are the ma|or maturities the airlines 
must meet in the early years of the jet 
age and are at levels actual historical 
experience shows the airlines can meet. 

• Ten-year depreciable life for jets, 
which apparently will be accepted for 
tax purposes, will mean annual depre- 
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Introducing a new standard of 

FIRST jet-prop aircraft 
with engines specifically 
designed for use on fast, 
multi-stop, inter-city services; 



NOW BEING DEMONSTRATED TO AIRLINES AND BUSINESS AIRCRAFT OWNERS THROUGHOUT NORTH AMERICA 


inter-city airline transport: 

FIRST with adequate 
growth potential for 
increasing traffic densities on 
short-to-medium routes. 


f%ANADMRCnf% 
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JET-PROP 

The “540” combines the airframe of the world- 
renowned Convair “440” Series . . . proved in over 
6,000,000 hours of service . . . with Napier Eland 
3,500 e.s.h.p. jet-prop engines. The result is a fast, 
flexible new aircraft that has excellent performance 
characteristics and earning power. 

FIRST — The Canadair-Convair 540 is the first 
airliner with engines specifically designed for the 
rigorous up-and-down life of short stage operations, 
and offers a new standard of economy. 

FIRST— The first airliner with such great 
growth potential. Standard seating capacity of 48 
can be increased by 20% to 58, still with three feet 
of leg room per seat. This growth potential, plus 
the proved performance of the airframe, means a 
useful life of at least 15 years. 

contact the Director of Commercic 


AIRLINER 

Here are more examples of its outstanding characteristics: 

• FASTEST IN ITS FIELD— Up to 340 m.p.h. at 20,000 ft. 

• GREAT FLEXIBILITY— Equally at home in a series 
of short hops as it is on medium ranges and at all altitudes 
up to 20,000 feet . . . operates out of all close-in and most 
smaller fields. 

• LOW OPERATING COSTS— As economical as a 
piston aircraft in stages as short as 80 miles . . . simplified 

• EXTRA FUEL CAPACITY-Sufficient for most routes 
terminal to terminal .. .three 350-mile stages without re- 

• GOOD EARNING ABILITY— Profitable even with 

• CARGO AND EXPRESS CAPACITY — An additional 

• QUICK TURNAROUND -Self-service baggage racks 
and self-contained stairway speed departures and arrivals. 


MOST IMPORTANT TO YOU 



i ir-Comair 540 will receive our immediate attention: 
l Sales, P.O. Box 6087, Montreal. 


CANADAIR, Montreal, Canada 




mira> 




Shown above are a few of the many tough con- 
nector problems that have been presented to 
Cole Electric Co. in recent months. Thanks to 
the versatility and adaptability of revolutionary 
new Cole self-aligning connector pins and their 
operability under extreme conditions, all of these 
problems are being solved. Special Cole Con- 
nectors have been developed to meet difficult 
environmental and operational requirements for 
aircraft, missiles, ground support, computers, 
nuclear, electronic and electrical equipment. 
Whatever your connector problem might be, a 
special Cole Self-Aligning Connector may provide 
the practical solution. Our complete research and 
development facilities are at your disposal. Write 
or phone today. 


@ole 


'9 S teller Dr., Culver City, Calif. • TE 0-4701 


SELF-ALIGNING 1000 CONNECTIONS 

TEMPERATURE... -65 °F to 1000°F 
PRODUCEABLE in large or small quantities 
RADIATION LEVEL ... 1 ,000,000 Roentgens 
per hr. 

LOW PRESSURES for insertion and extraction 
HUMIDITY... 0% to 1 00% 

ATMOSPHERE . . . air, water, salt water, 
jet fuel, exhaust gases, oil, hydraulic fluid 
PRESSURE... 0 to 30 p.s.i.a. 

OPERABLE by mechanical manipulator 
VIBRATION... 40 Gs 

POSITIVE LOCK-UP and trip-free disconnect 

EXPLOSION PROOF DEAD FRONT 

SEQUENCE SWITCHING LIGHT WEIGHT 

/HERMETICALLY SEALED TROUBLE FREE 

' LOW TOOLING COST HIGH VOLTAGE 


Cole Type A16112 Connector developed 
for a major airframe manufacturer. Makes 
100 connections using 30 amp. Cole Self- 
Aligning pins. 5,000 volts R.M.S. Nylon 
receptacle has quick-acting, break-away 
hinge and positive lock. Insertion pres- 
sure for 100 pins is only 11 lbs.; with- 
drawal, 15 lbs. Tested to 40 Gs. Meas- 
ures only 4" x 4". 

Other new Cole Connectors accommo- 
date 630 and 1000 circuits. Virtually any 
size or configuration of Cole Connector 
can be made. Five pin capacities: 7.5, 15, 
30, 75 and 300 amp. Highly specialized 
fittings in stainless, phenolics, fiber glass, 
nylon, ceramic or other materials. 


ciation of about $220 million, not in- 
cluding perhaps another $100 million 
in depreciation for assets other than 
flight equipment. In 1958 total depre- 
ciation was $200 million and total cash 
generation was $250 million. TKus 
if the jet fleets only break even, the 
airlines' cash generation will exceed 
debt maturities by over $100 million a 

• Tamings projections, using a new sta- 
tistic called “cash generation per avail- 
able seat mile,” indicate future poten- 
tial cash generation of $360 million 
annually. This figure is obtained using 
a cash’ generation per available seat 
mile for current piston engine aircraft 
of 4.5 tenths of a cent and a total avail- 
able annual seat mile figure for the 
1960s of 80 billion. 

Depreciation charges should not be 
as high as 5360 million and thus sub- 
stantial earnings are possible. Assum- 
ing the air lines would have $100 mil- 
lion a year cash throw after covering 
debt maturities in 1961 through 1965. 
there would be over 5500 million avail- 
able for additional jet purchases. 

“With a little bit of earnings luck,” 
Wedel said, “the book net worth of the 
airlines by 1965 should be well in excess 
of 51 billion, without selling substan- 
tial additional equity. If the initial years 
of the jet age prove at all financially and 
operationally successful, there is no 


reason to assume that lenders would 
not again be willing to consider at least 
matching dollar for dollar the airlines' 
equity— so the potential for borrowing 
additional funds should definitely exist 
in the 1960s." 

Orders Restricted 

For the present, many domestic loan 
agreements and virtually all foreign air- 
line loan agreements in the U.S. se- 
verely restrict or prohibit new jet orders. 
If banks hear of anv airline-manufac- 
turer negotiations, Wedel said, the 
lenders ask the manufacturer whether 
the airline purchasing people have had 
any talks lately with their financial vice 
president— which usually dampens the 
negotiations quickly. 

Britain Reaffirms 
KLM Flight Limit 

London— British government has re- 
affirmed its decision not to allow KLM 
Royal Dutch Airlines more than one 
weekly flight terminating at Singapore 
after the end of this month. 

Britain told Holland in January (AW 
Jan. 26, p. 47) that KLM must cut its 
twice-weekly flights terminating at 
Singapore to one a week, effective at the 
beginning of March. Cut was post- 
poned one month after the Dutch gov- 


ernment protested. Talks have been 
going on since then. 

British government says that since 
the U. K.-Nctherlands air services agree- 
ment doesn't provide for any Dutch 
flights terminating at Singapore, the 
allowance of even one is a concession. 
Agreed statistics show that 26 or 27 
passengers a week fly between Holland 
and Singapore in each direction and 
these can be "comfortably accommo- 
dated” on a once-wcekly flight on a 63- 
seat aircraft. 

Entire additional capacity is in direct 
competition with British Overseas Air- 
ways and its partner Qantas, British 
Ministry of Transport and Civil Avia- 

Britain doesn’t agree that a single 
weekly service between Amsterdam and 
Singapore is commercially impossible 
for KLM. It is clear, the Ministry says, 
that the determining factor for KLM' is 
the traffic to and from intermediate 
points rather than at Singapore. 

Despite the fact that KLM and 
BOAC are keen competitors, Britain 
says, the Dutch airline gets "generous 
treatment” on British traffic rights. 
KLM has very valuable rights, for ex- 
ample, through Prestwick Airport for 
transatlantic traffic which are not 
balanced by any compensating rights 
on Dutch territory, according to the 



BB-152 Cutaway Shows Transport's Detail 

East German artist’s drawing of production BB-152 jet transport shows main landing gear repositioned from belly to under engine 
pods. Twin turbojet pod configuration 3lso is changed from prototype configuration (AW Mar. 23, p. 58). 
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Top mission capability 
for Navy’s newest subhunter 


Twin General Electric T58 Engines 
Give Sikorsky HSS-2 Increased Pay- 
load, Cruising Speed and Endurance 

Sikorsky’s HSS-2— newest Navy ASW 
helicopter weapons system — will rely on 
the proven performance and reliability of 
its twin General Electric T58 engines to 
get it to the search area faster — keep it 
there longer. 

The T58's reliability has been proven 
by more than two years of flight test time 
on a modified HSS-1. As a result of this 
unmatched twin-turbine flight experience, 
here’s the kind of engine response the 
HSS-2 will get whenever it demands the 
large load changes required on ASW 


RAPID POWER RESPONSE— T58’s load 
burst acceleration time from autorotation 
to 100% military power is consistently 
three seconds or less. 

EXCELLENT CONTROL STABILITY— Flight 
tests hove confirmed the ability of the T58 
and its control to adapt to the dynamics 
of the helicopter rotor system. 

EFFECTIVE LOAD-SHARING— Time and 
again, multi-TS8 installations have dem- 
onstrated their automatic response to 
all types of operation transients — their 
ability to satisfactorily maintain load 

This proven-in-flight reliability is only 
part of the T58 story. Results of the 
T58-6’s 150-hour Model Test reflect the 
engine's high power-to-weight ratio and 


low specific fuel consumption. 

OUTPUT GUARANTEES EXCEEDED BY 

70 SHP— T58-6 produced as high as 1120 
shp. 

SFC GUARANTEES BETTERED BY 4%— 

Guaranteed at 0.64 lb/hp-hr . . . SFC 
was recorded at 0.61. 

IS LBS LIGHTER THAN SPECIFICATION 
— T58-6 weighed just 2S6 pounds, com- 
pared to specified 271 pounds. 

Add this outstanding performance to 
the T58’s demonstrated reliability, and 
you see why the HSS-2 is expected to be 
the Navy’s number 1 subhunting heli- 

For the latest T58 progress report, 
write to General Electric Co., Section 
GED-3841, Schenectady 5, N. Y. uwo 
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SHORTLINES 


AIRLINE OBSERVER 

► Insurance rates for turbine transports pose the threat of a new cost factor 
for airlines. Rates for turbojet transports or for the Lockheed Elcetra 
liavcn’t yet been finally pegged, but are now being quoted at two to three 
times piston rates. Insurance companies, which have based current rates on 
what data was available from manufacturer’s test operations, military 
experience and foreign operation, will probably reappraise their rate struc- 
tures in a year to base them on actual customer experience. Rates could 
go up or down then-or a revision might be sought as soon as six months 
if airline operating experience is drastically different from projections by 
insurance companies. 

► Federal Aviation Agency Administrator Ehvood Quesada, in a letter 
addressed to all scheduled and non-seheduled airlines, has called for more 
pilot vigilance as means of reducing the near-miss hazard. Quesada notes 
that “it has been my personal experience . . . that too often the pilot is 
back in the cabin talking to passengers . . .” and adds: "This practice must 
cease forthwith.” 

► Continental Air Lines’ experience with the Vickers Viscount 800 may 
lead the' carrier to concentrate on turboprop equipment in its long-range 
planning. Bristol is making a strong sales pitch to Continental with the 
turboprop Britannia. Four Boeing 707-20s are due for delivery in 1959, but 
the airline expects that its 1 5 Viscounts will account for 46% of all air- 
craft miles operated during the year. During the last seven months of 1958, 
Continental flew its Viscounts at a cost of 1 .45 cents per available scat 
mile, lowest cost of any aircraft operated bv the airline. The company also 
reports that it is the first major airline to have sold all its surplus piston- 
engine equipment. 

► Pan American is planning a proving flight to Buenos Aires with a Boeing 
707-120 turbojet transport as a first move toward fitting a South American 
schedule into its summer jet pattern. Outcome of flight will determine final 
scheduling plans for the airline. Lbicertaintics include airport, navigation 
and other operational problems in Latin America. Next month. Pan Ameri- 
can will increase jet flights to London to two a day. More service to Rome 
and Paris will follow. However, cutbacks in the European runs will be 
necessary when PanAm’s Latin American service begins (AW Mar. 23, p. 48). 

► Chances are strong that an equitable fare level for South American routes 
null be readied at the airlines conference now in session in Lima. Peru (AW 
Mar. 16, p. 36). Reasons for the optimistic outlook: South American car- 
riers that nave offered service at bargain rates need higher revenues to stop 
heavy losses. In addition, airlines using standard fares arc willing to allow 
"under-developed carriers” to charge fares at a rate 10% less than established 


► One of Aeroflot’s major objectives under the new Russian seven-year plan 
is to have turboprop and turbojet transports account for 95% of all ton- 
miles flown in 1965. Officials of the Soviet airline say the "high produc- 
tivity” of such planes as the twin-jet Tu-104 and the four-turboprop 11-18 
and Tu-114 makes this goal feasible. Aeroflot lists the Tu-104 as "seven 
times” more productive than the piston-powered 11-14. the 11-18 as “eight 
times” more productive, and the Tu-114 as “20 times” more productive. 

► Braniff Airways will begin Lockheed Elcetra service July 1 between Hous- 
ton, Dallas and Chicago and between San Antonio, Dallas and New York. 
Service with the Boeing 707-120 will begin over the same routes on Dec. 1. 

► Need for two more types of turbine-powered transports still exists in the 
airline field, according to William Littlcwood, American Airlines’ vice 
president. In an address before the Washington Aero Club, Littlcwood 
called upon manufacturers to produce a large, high seat capacity aircraft to 
cover medium-range, heavy density traffic markets. For lesser air travel 
markets, or local service markets, Littlcwood wants a short-range, four- 
engine turbine aircraft with a seating capacity that will ensure economic 
load factors. 


► British Overseas Airways Corp. plans 
three nonstop Bristol Britannia flights 
weekly to London in its summer sched- 
ules operating out of Detroit. The 
nonstop flights, leaving from Detroit’s 
Metropolitan Airport on Sundays, Wed- 
nesdays and Thursdays, will be backed 
by two flights weekly stopping at Shan- 
non, and another two landing at Prest- 
wick Airport before terminating in 
London. All seven flights will operate 
in first, tourist and economy classes. 

► Flying Tiger Line reports a new com- 
pany record in air freight revenue for 
the month of February with 51,009,894 
earned, a 30.4% increase over Febru- 
ary. 1958. Volume of traffic for the 
first two months of 1959 is reported to 
be 44.4% higher than that for the 
same period last year. 

► International Air Transport Assn, 
clearing house in London reports that 
more than 5820,500,000 in interna- 
tional airline business was settled 
through its offices last year, a 28% gain 
over 1958 business. IATA says total 
turnover during the twelve-year history 
of the clearing facility is 53,640, 000, 000. 

► Lockheed Aircraft Service, Inc. has 
received orders for SI flight recorder 
units from Trans World Airlines, Bran- 
iff Airways, Delta Air Lines and Con- 
tinental Air Lines. LAS already 'has de- 
livered flight recorders to Pan American 
and American Airlines. 

► National, Northeast and Eastern 
have filed tariffs with the Civil Aero- 
nautics Board for a 25% fare reduction 
on night coach flights between northern 
cities and various Florida points. The 
lower fare, applicable on Monday, Tues- 
day and Wednesday nights, would be 
S3 5. 10. The Board has reported that it 
rejected the original National filing on 
March 5th for tcclmic-.il reasons only. 

► Pan American World Airways car- 
ried 100,904,000 ton-miles of cargo 
during 1958, a 5% increase over 1957 
on a world-wide basis and 12% increase 
on the transatlantic routes. 

► Western Air Lines reports a net in- 
come of 51,402,340, or 51.51 per share 
on 927.920 shares outstanding, for 
1958. Western’s operating revenues for 
the year were 533,970,204, down 
19.5%; operating expenses were 532.- 
914.413, up 11.9% over 1957. The 
operator’s net gains from disposal of 
property amounted to SI, 522,386. Net 
operating loss was SI 20,046, reflecting 
Western’s 1 08-dav strike in 1958 by the 
Air Line Pilot's Assn. 
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Investigate TITANIUM! As missiles extend 

their range and speed, weight-saving becomes an 

Take rocket cases, for example. In the third stage 
—where the exchange ratio is very high— it is esti- 
mated that every pound of weight saved adds 10 
miles’ extra range. 

This is where titanium and its alloys can give de- 
signers, and missiles, a big boost. For titanium can cut 
weight up to 57% over alloy steels. And new titanium 
alloys produced by Mallory-Sharon now provide 
welded strength/weight ratios close to 1,000,000! 
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• Special Metals 


Missile men estimate . . . 

EVERY POUND SAVED 
IN THE 3 RP STAGE 
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SUBMARINE SHELLS 
SOUTHLAND OIL FIELD 


in 1942, only a few thousand 
people lived within range of 
that enemy sub’s deck guns. 
Today, from that same offshore 
location, an enemy sub could 
launch long-range atomic mis- 
siles to devastate targets any 
place in our 17 westernmost 


states (population 40,000,000). 

To negate the growing sub- 
marine threat, the U. S. Navy 
has developed the world’s larg- 
est, most efficient anti-sub- 
marine warfare forces. For 14 
years Lockheed P2V land- 
based patrol planes have been 


the backbone of that program. 

Lockheed has more experi- 
ence and in-being facilities for 
producing ASW planes than 
any other company. That’s 
why Lockheed can build better 
ASW planes— in less time, for 
fewer defense dollars. 



world's most efficient and formidable sub 
hunter-killer plane— a direct design descendant 
of performance-proved electra— P3V-1 is 
being developed for the U. S. Navy. 


LOCKHEED AIRCRAFT CORPORATION, CALIFORNIA DIVISION 

Burbank and Palmdale, California 
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SPACE TECHNOLOGY 



FUEL and oxidizer inlets bring propellants into the X-15's engine from forward tanks. These are the only propulsion components not into- 
grated with the compact engine package. Engine measures about 8 ft. by 3! ft. and is designated RMD-XLR99-RM-1 


X-15 Engine Will Have Wide Space Use 


By Michael Yaffee 


Denville, N. J.— Reaction Motors Di- 
vision of Thiokol Chemical Corp. will 
make late summer the target date set 
for delivery of first XLR99-RM-1 rocket 

American's X-15 hypersonic research 
aircraft. First flight tests of the new 
engine will take place during the fall. 

Meanwhile, the two RMD-XL.R1 1 
rocket engines now in the X-l 5 will be 
used in the initial powered flights of 
the aircraft. These engines, first used 
in the X-l and D-558-II programs, re- 
quired only minor modifications of 
valves and propellant lines in X-15 
plumbing to accommodate them. Sub- 
stitution of the single XLR99 for the 
two XLRlls is considered a simple 
matter, is not expected to cause delays. 

With small changes. Reaction Mo- 
tors says, the XLR-99 can be adapted 
to numerous other space and weapon 
applications, both manned and un- 
manned. The company already has 
completed several proposals to this 
effect. A leading potential candidate 
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for the engine, in the company’s view 
is the Dyna-Soar skip-glide bomber. 
Other possible applications include 
upper stages for the Saturn, Centaur and 
almost any other space vehicle with a 
liquid propellant upper stage (AW 
Mar. 2, 1959, p. 19). 

As it now stands, the XLR99-RM-1 
will burn a combination of liquid 
oxygen and liquid ammonia but it can 
be converted to high energy fuels very 
easily, according to Reaction Motors. 
Removal of the ignition system, for 
example, would probably be the most 
important modification required to suit 
the engine to a variety of hypcrgolic 
propellants. 

Operational Highlights 

In the case of liquid hydrogen, the 
fuel pump now installed for the liquid 
ammonia would have to be replaced 
with a pump of greater speed and 
larger diameter fuel passages. Among 
the other design and operational high- 
lights of the XLR99-RM-1 are the fol- 
lowing: 

• Maximum thrust of the engine is 
over 50,000 lb. with a propellant flow 
rate of more than 10,000 lb./min. 
EXHAUST nozzle funnels out from throat. Turbine exhaust and overboard bleed and drain Helium will be used as a tank pres- 

lines are turned back from front of engine and brought out through the flame shield. surizer and purge gas, and the turbo- 
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pump will be driven by gases evolving 
from the decomposition of hydrogen 

• Throttling range of XLR99-RM-1 is 
greater than that of any other single 
chamber rocket engine of comparable 
size. Again tied in to propellant sub- 
stitution, the variablo thrust of the 
XLR99-RM-1 makes it less sensitive to 
fuel changes than a feed thrust rocket 
engine like those now in most missiles. 

• Growth potential for higher thrust 
has been built into the engine. Engi- 
neers designed the combustion cham- 
ber large enough to permit opening up 
the throat area, should more than 50.- 
000 lb. of thrust be desired at a later 

• Fabrication of engine is similar to 
that of Rocketdyne’s Thor and Jupiter 
engines (AW Oct. 6, p. 60) in that 
several hundred small tubes, shaped 
into varying cross-sectional dimensions 
along their length, are laid out longitu- 
dinally around a jig to form the thrust 
chamber. Liquid ammonia is circu- 
lated through the tubes (which now 
form the chamber wall) for cooling. 

• Interior of the engine is lined with a 
new non-ablative ceramic coating here- 
tofore used only in small research en- 
gines. Neither the throat nor any other 
part of engine has to be replaced for a 
number of firings. 

Firing Duration 

Exact operational life of the XLR- 
99-RM-l has not been officially an- 
nounced but is said to be comparable 
to that of flic smaller rocket engine 
used in the Bell X-2 research aircraft. 
Duration of anv single firing is limited 
by the size of the propellant tanks that 
can be carried in the X-15. 

Idle condition which has been built 
in as a reliability feature permits engine 

of firing thrust chamber and then 
stopped in case anything has gone 
wrong. At this point, 90% of the op- 
erational functions have taken place, so 
if malfunctions are going to take place, 
chances are that they will have occurred 
before this point is reached. 

Single malfunction principle which 
governed the development of the XLR- 
99-RM-l allows any one component in 
the engine, such as a check valve, to 
fail at any time without leading to a 
hazardous condition that could damage 
the vehicle. 

Restarting of the engine in flight is 
somewhat involved but can be accom- 
plished in approximately 10 sec. First 
the engine is shut down and cleared of 
residual propellant from the propellant 
valves back through the combustion 
chamber, using helium. The ignition 
system is similarly purged. All mal- 
function detection devices are recycled 
to “start” position.. Fuel and oxidizer 
supply is checked along with available 


jeroxidc for the pump turbine. Propci- 
ant pumps arc cooled so there is no 
vaporization of the propellant in the 
pumping elements. Ignition system is 
checked to make sure that the supply 
of electrical, hydraulic and propellant 
power needed to restart the engine is 
adequate. If every element is “safe," 
the engine will then restart. 

Sensing Devices 

Sensing devices are provided to keep 
the pilot informed of engine operation. 
These include the following: a gage to 
record the pressure in the combustion 
chamber for thrust indication; a pres- 
sure gage for each of the two propellant 
pumps for check of pump system out- 
puts which pilot makes during idle con- 
dition; lights to indicate satisfactory 
function of the ignition system, time 
limit in idle period and to tell pilot if 
he has been shut down because of a 
malfunction. 

Engine operation is almost com- 
pletely automatic in the XLR99-RM-1. 
The pilot selects thrust level he wants, 
and pushes the throttle to the selected 
position. The engine goes through the 
ignition pattern and takes over the re- 
sponsibility for its own operation, ex- 
cept for ad|ustmcnts in thrust level 
which the pilot makes. If, in his judge- 
ment, the engine sensors and controls 
make a spurious decision, the pilot has 
the option of trying to override the 
automatic controls. If the engine shuts 
itself down because of a malfunction, 
for example, the pilot can try to restart 
it. But if the malfunction is serious 
and persists, the automatic controls will 
prevent a restart. 

Integrated design of the XLR99- 
RM-1 has gathered all propulsion com- 
ponents except propellant tanks into 
one compact package about the thrust 

Engine Development 

Three years in development, the 
XL.R99-RM-1 is the most powerful and 
sophisticated rocket engine ever built 
for manned aircraft. Proposed, as it was 
in 1955 for economy, on the basis of a 
50,000 lb. thrust engine which Reaction 
Motors had developed for the Super 
Viking sounding rocket (which was 
never built), the present engine bears 
very little resemblance to the original. 
Its development, in fact, sharply points 
up the major dissimilarities between 
the designs of a rocket engine for a pre- 
determined, one-shot missile application 
and a safe, throttleable, reusable power- 
plant for manned vehicles. 

In going from the Super Viking en- 
gine to the XLR99-RM-1, RMD found 
its most formidable problem was the 
requirement for "piloted safety" in con- 
formance with specifications Mil-E- 
5149 and ANA Bulletin 428. This need 
was stressed repeatedly by the Air Force 
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Another Tough Job 

Above you see an extremely complex body section of a 
missile being finish machined on a horizontal boring mill. 
You are looking at another intricate example of Diversey 
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One of the complications of building rocket engines is the necessity of 
proving them. Rocketdyne transports the thrust chambers for the Atlas 
intercontinental ballistic missile engine on a transportation dolly to its 
test site, where they are rolled over a Southworth Lift Table*, which lifts 
them into relative position. After the thrust chamber unit is elevated and 
the engine oriented in the test stand, the table is lowered, and the carriage 
rolled off into the roadway. Seems simple— after the fact! 

When your work-positioning problem includes elevating, call in a South- 
worth engineer. Perhaps a Southworth Lift Table can help there, too. 



during prccontractural negotiations and 
led, on RMD’s part, to the single mal- 
function concept. 

In theory, this concept covers any 
malfunction that could conceivably oc- 
cur in the operation of the engine. In 
practice, it boiled down to one prime 
problem, namely, how to prevent the 
accumulation of a critical amount of 
propellant in the thrust chamber. The 
critical quantity in this case was 0.9 lb. 
-0.4 lb. of fuel and 0.5 lb. of oxidizer. 
If this amount accumulated as a result, 
say, of ignition failure or flameout, it 
could burn, releasing gases more rapidly 
than they could escape, rupturing the 
combustion chamber. With a designed 
propellant flow rate of over 10,000 lb./ 
min., it meant that this condition 
would have to be sensed, signals sent 
and the main propellant valves shut off 
in milliseconds. 

Earlier approaches to this problem in 
manned aircraft rocket engines. Reac- 
tion Motors engineers say, tended to 
make the powerplants "so safe thev 
wouldn't run." One method burdened 
the engine with a large number of ex- 
tremely sensitive devices designed to 
catch the critical quantity and shut 
down the engine. Their own sensitiv- 
ity, however, created a problem almost 
as^big as the one they were designed to 

Shut-Down Cycle 

In another approach, a less sensitive 
one, the shut-down cycle was initiated 
at the same time as the start-up pro- 
cedure in order that the engine could 
be stopped in time once a malfunction 
occurred. This, however, led to a fairly 
complex operating sequence and ar- 
rangement of equipment. In addition 
to the malfunction detection devices 
that were required, components were 
needed to "kick" these devices out if 
everything was proceeding satisfactorily. 
But the “kick-out" components them- 
selves sometimes malfunctioned, and 
the engine would shut down when 
there was no need. From a general en- 
gineering viewpoint, this is not a desir- 
able approach. Reaction Motors said, 
because it starts off by telling the en- 
gine to shut down. 

Reaction Mo toys will not discuss its 
approach except to say Hiat it is unique 
and that it works. It is designed to 
prevent the accumulation of a critical 
amount of propellant rather than to 
detect it after it has occurred. It also 
is closely involved with the thrust cham- 
ber geometry of this particular engine 
which, the company says, docs not exist 
in any other missile engine in this 
country today. 

The single malfunction concept, of 
course, necessitated the solution of 
numerous other, though less difficult, 
problems. With simple check valves 
which are designed to permit flow in 
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one direction only, for example, engi- 
neers had to ensure that this function 
would not be interrupted in the event 
a valve jammed cither open or shut. 
Company solution to this problem was 
a quadruple check salve with the four 
valves in a series-parallel arrangement 
which allows any single valve to jam 
without interrupting one-wav flow or 
permitting two-way flow. This single 
malfunction principle also had to be 
applied to turbopump seals to prevent 
propellant mixing ahead of the com- 
bustion chamber as well as to numer- 
ous other parts of the propulsion sys- 

Turning the old Super Viking power- 
plant into a throttleable engine also 
presented problems. For one thing, it 
involved the design and development of 
a throttling system capable of con- 
trolling a larger quantity of propellants 
over a greater thrust range than had 
ever been done. In the Reaction 
Motors engines for the X-l and D- 
558-11, thrust control was achieved by 
turning combustion chambers (each en- 
gine had four) on and off. Thrust con- 
trol in the two-chambered Curtiss- 
Wright engine used in the X-2 was 
somewhat more refined and did make 
use of a throttling device along with the 
on-off combustion chamber control. 

A more important and troublesome 
aspect of the throttle-ability problem 
had to do with cooling. In designing a 
variable thrust powcrplant, engineers 
face the dilemma of having to design 
for the maximum thrust condition and 
at the same time of trying to ensure that 
there will be adequate propellant flow 
at low thrust to cool the engine and 
to provide a high enough pressure drop 
across the injector to maintain com- 
bustion stability. 

Varied Geometry 

Since the geometrv of the thrust 
chamber was fixed, the engineers de- 
sided to vary the geometry of the cool- 
ant passages to solve the problem. Find- 
ing the right configuration, however, 
proved to be a time consuming and 
fairly difficult task. They considered 
IS tube designs in boiling heat transfer 
experiments just to find three that 
might work. Two of the three proved 
impractical to fabricate. The last finally 
checked out and is the design now used 
for the engine’s coolant passages. 

The next major undertaking in the 
development of the XLR99-RM-1 was 
the over-all redesign of the engine. Like 
most missile engines, the Super Viking 
pow'crplant was fairly well spread out. 
To simplify operational and mainte- 
nance problems, Reaction Motors de- 
cided to put the combustion chamber, 
turbopump and ignition system into one 
compact package and to bring all over- 
board lines out through the end shroud 
around the nozzle. This required the 


redesign, rearrangement and often the 
replacement of major components such 
as pump assemblies. 

In addition, the thrust chamber and 
turbopumps had to be strengthened to 
meet the higher safety factors of 
manned operation. In some cases, the 
engineers simply made sections thicker: 
in others, they substituted new, higher 
temperature alloys and the oxidizer 
pump was made more efficient. A new 
ignition system had to be developed. In- 
jector had to Ik redesigned both for 
throttling purposes and for durability at 
high temperatures over a greatly ex- 
tended period. 

The present XLR99-RM-1 weighs al- 
most twice as much as the original 
Super Viking engine. It bears almost 
no resemblance to its predecessor. 

French Begin Rocket 
Testing in Algeria 

Paris— French have begun a new scries 
of high-altitudc rocket tests at the gov- 
ernment missile center in Colomb- 
Bcchar, Algeria. 

Tests are expected to continue over 
several months with about 50 firings 
slated to take place. It is not clear 
whether tests are being carried out as 
part of belated French participation in 
the International Geophysical Year, or 
purely as a French military or scientific 
endeavor. French defense ministry 
emphasized military aspects of the tests. 

Reportedly, three test missiles will be 
used, all of which have been available 
for some years. These are the single- 
stage Vcroniquc (AW May 28. 1956, 
p. 57), the three-stage Monica IV and 
the three-stage Monica V. French will 
use these missiles to explore the region 
between 30 to 150 mi. Initial firings of 
the Veronique already have begun. 

One phase of the tests, already under 
way, consists of ejections of sodium 
clouds at an altitude of 50 mi. Ver- 
onique missile firings have been used 
for this phase. Latest version of Ver- 
onique is about 22 ft. long with a 
diameter of nearly 30 in. Missile uses 
diesel oil and white fuming nitric acid, 
travels at 6,233 ft. per see. at burnout 
and can reach an altitude of 1 50 mi. 

It is designed to carry an instrument 
payload of 130 lb. 

Monica IV is a three-stage missile 
about 16 ft. in length with a diameter 
of 6 in. Solid propellant missile reaches 
speed of about 4.527 ft. per sec. at burn- 
out. It is designed to carry a 30 lb. 
payload to an altitude of 50 mi. 

Monica V is similar though slightly 
longer than the Monica IV and can 
carrv a similar payload to 90 mi. 

'flic French defense ministry said the 
tests concern the lower regions of the 
atmosphere through which military 
weapons would travel. 
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identiiging circuits 
and meeting mil-spec# 




COLOR COOING o( the 51 insulated con- 



Circuit identification is accomplished 

in three different ways: 

1. Color coiline by means of ten solid 
colors of primary insulation is the 
oldest and still most common meth- 
od. It offers permanent and clearly 
different colors, although shades 
of colors vary among manufac- 
turers. The ten standard colors are 
black, brown, red, orange, yellow, 
green, blue, violet, slate, and white. 

2. Helical striping over color-coded 
insulation offers an almost un- 
limited number of color combina- 
tions. However, the visibility of 
stripes decreases as wire diameters 
become smaller. Then, too, the per- 
manence of helical stripes is not 
so good on such high temperature 
materials as silicone rubber and 
tetrafluoroethylene as on vinyls. 
However, in the case of tetra- 
fluoroethylene Rex offers a perma- 
nent, color code by literally 
extruding the colored stripe into 
the insulation. Because of the many 
possible combinations of stripes, 
wire manufacturers seldom stock 
striped wiring. 

3. Numbering or lettering of cables 
and wires by printing machines 
during or just prior to assembly 
is a rapidly growing practice, espe- 
cially since the quality of printing 
inks has been improved. 


Military Specifications 
Systems and equipment manufac- 
turers prefer to specify and purchase 
insulated wire to existing military 
specifications whenever possible. The 
following most common specifications 
are offered as a guide: 



At your service! Our experienced cor- 
poration coding systems for circuit 
identification and in matching wires 
and cables to military specifications 
is yours for the asking. For an early 
get-together or further information. 


HC Kex Corporation 

X— A Substdiaiy o! American Enka Corporation 
WEST ACTON, MASS. — Colonial 3-7721 
Insulated Wire & Cable ■ Mil-spec Wire 
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Mechta’s Trip Past Moon May Have Been 

By W. A. Daley 
and D. H. Robey 


On Jan. 28, 1959, the Soviet Union 
successfully launched a solar satellite. 
Soviet scientists have given it the name 
“Mechta,” meaning "hope." Unfor- 
tunately they have not indicated the 
purpose of the launching, nor have 
they released much data. 

In spite of this, the idea has been 
advanced that the objective was to 
achieve a lunar impact, and that the 
mission was unsuccessful because of an 
excess cutoff velocity. 

However, from the small amount of 
information available, a strong argu- 
ment can be presented against this and 
in favor of a heliocentric satellite, 
where the excess velocity is actually 
needed. 

Furthermore, because of the large 
payload of 800 lb., it is believed that in- 
strumentation is on board which can 
be turned on or off at will from the 
earth. Hence, contrary to the popular 
idea that the batteries are dead because 
radio signals arc no longer received, it 
is suggested that they are being saved 
for later use. 

The probe was launched on the day 
when the earth was at perihelion and at 
such a time as to take full advantage 
of both the earth’s velocity' and the 
moon's position in space. When at 
perihelion, the earth is moving about 
3,280 fps. faster than at aphelion. Al- 
though the potential energy is at a mini- 
mum, a probe fired during this period, 
in the direction of the earth's velocity 
vector will travel farther from the sun 
than if it is fired under similar condi- 
tions at aphelion. 

Kinetic Energy 

This can be explained by noting that 
the additional kinetic energy added ro 
an object, by a fixed increment in veloc- 
ity', is a function of its initial velocity’. 
The faster the object is moving the 
greater the energy increase. In fact it 
can be shown that the aphelion distance 
of the probe, when fired at the earth’s 
perihelion, is >.405% greater than when 
fired at the earth's aphelion. This is 
independent of the hyperbolic excess 
velocity (velocity the probe would reach 
at infinity, neglecting solar influence) 
provided it is small compared to the 
earth’s velocity and identical for the 
two launch positions. 

The assumed orbit in the bottom 
figure on p. 67 is based on published 
Russian data listed in Table If. If this 
is approximately correct then the probe 
probably entered heliocentric space 
with a velocity of about 105,500 fps. 
(with respect to the sun), which corre- 


sponds to a hyperbolic excess velocity of 
6,077 fps. The burnout velocity of the 
launch vehicle is the square root of the 
sum of the squares of the hyperbolic 
excess velocity and the escape velocity 
at the burnout altitude. 

Assuming a burnout altitude of 100 
naut. mi., which appears reasonable, the 
escape velocity is about 36,160 fps. 
This is about 2,000 fps. greater than 
actually needed for a lunar shot, inas- 
much as reverse thrust at the moon 
would be required in any case. That is, 
it is impossible to be captured by the 
moon, short of collision, without using 
retrorockets, regardless of the initial 
conditions in terrestrial space. 

The moon does not appear to have 
given the probe a significant boost in 
velocity since the orbit apparently 
would have been established without 
it. A small boost mav have occurred, 
however. Hie vehicle’s direction could 
have changed some also. It has been 
reported that the vehicle automatically 
corrected its course after passing the 
moon. Ibis would imply that lunar 
perturbations were not desired, although 
a close pass docs enable scientific data 
to be collected. 

However, although these velocity in- 
creases arc important for interplanetary 
operations, they have little or no sig- 
nificance for a lunar shot. It is there- 
fore fairly certain that the following 


Mechta’s Purpose 

W. A. Daley, senior design engineer, 
and D. H. Robev. design specialist at 
Convair's Astronautics Division, have 
made a study of Soviet Russia’s launch- 
ing of the solar satellite, Mechta. They 
believe that it may have been the first 

Venus this scar or at Mars in the fall 
of 1960. 

In view of the large payload, launch- 
ing time, cutoff velocity and trajectorv, 
Daley and Robey conclude that a hclio- 

that Mechta may be part of a program 
to determine the Astronomical Unit 
with greater accuracy. Mechta was fired 
when the earth was at perihelion. It 
reaches aphelion next July 5, and the 
authors suggest that another firing may 
be made then. 

They have analyzed the payload with 

mission over distances as great as 25 
million naut. mi. and made weight 
estimates, in the belief that Mechta 
might have transmitted later than the 
62 hr. limit suggested by Soviet an- 


three objectives which might have been 
achieved can be discounted: (1) lunar 
impact; (2) lunar circumnavigation; and 
(3) lunar satellite. 

There are two other objectives which 
appear to be entirely feasible: (4) a 
heliocentric satellite, using the moon 
for a slingshot; and (5) lunar photog- 
raphy, along with possible physical 
measurements. 

The fourth objective was achieved, 
as is well known. Some of the conse- 
quences are presented below. The fifth 
objective may have beea achieved and 
will be discussed briefly. 

From what has been said, it appears 
that the primary function of Mechta 
may be to pave the way for interplane- 
tary exploration. According to Ehricke', 
launching opportunities occur about 
every 24 months for a Martian 
probe, the next favorable time being 
in Scptcmbcr-Octobcr 1960. The 
Soviet Union may plan to launch a 
rocket at this time rather than wait 
until the end of 1962. 

However, at the present time, the 
orbital elements of the planets are not 
known with the precision needed to 
determine the final stage cutoff veloci- 
ties in terrestrial space. The main diffi- 
culty stems from the uncertainties in 
the numerical value of the Astronomical 
Unit— the mean distance between the 
earth and the sun. The Astronomical 
Unit is used as the basic yardstick for 
measuring relative distances between 
the planets and celestial bodies, but it 
has not been calibrated in terms of 
laboratory standards of length. It is 
known to four significant figures 

at the present time, the mean error in 
distance between the earth and the sun 
is known only to 15 earth radii. 

Furthermore, the uncertainty in the 
Astronomical Unit is implicitly re- 
sponsible for a margin in the required 
cutoff velocities for interplanetary oper- 
ations of about plus or minus 33 fps. 
The significance of this error on proxim- 
ity error has been determined' for 
both orbit displacement and flight time 

Fast Transfer 

For example, consider the fast trans- 
fer orbit to Mars, shown in the top 
figure at right. The flight time is of 
the order of 156 days for a launching 
in the fall of 196d. The computed 
orbit displacement was of the order of 
40,000 naut. mi. for a heliocentric de- 
parture error of 33 fps. This is in addi- 
tion to any geocentric cutoff errors. 

But the corresponding flight time 



AVIATION WEEK, 


30, 1959 


Intentional 

error is much more serious. An error 

for each foot per second error in ve- 
locity was determined. The net error 
in arrival time is therefore about 1 3.2 
hr. This corresponds to a displace- 
ment of Mars along its orbit of about 
0.6 million mi. from the probe. 

These calculations arc intended to 
show importance of a more precise de- 
termination of the Astronomical Unit. 

It is therefore suggested that the 
basic mission of Mechta is to help ac- 
complish this measurement. If this rea- 
soning is correct then the final meas- 
urements should be made by mid-1960. 
Interim Probes Possible 

A probe launched at the earth's peri- 
helion represents one extreme in the 
determination of this quantitv, i.c.. the 
minimum value of the earth’s distance 
from the sun. The other extreme, or 
aphelion, takes place on July 5, 1959. at 
which time it might be logical to 
launch another probe. Several addi- 
tional probes might also be released in 
the interim. 

While in cislunar spare, a cloud of 
sodium vapor was released from Mechta. 
From this it appears that a working 
mechanism is on board for ejecting 
sodium vapor probably on command 
from the earth. Since a cloud of so- 
dium gas should be an efficient reso- 
nance radiator in the presence of direct 
sunlight, it could be used to locate the 
vehicle against the star background. If 
the position of Mechta is known accu- 
rately in its orbit, a high powered tele- 
scope with a long focal length could be 
used to determine the direction to 
within a micro-radian or less. 

This implies, of course, that a small 
radio receiver, which operates continu- 
ously. must be carried along as part of 
the probe’s instrumentation. However, 
a unit of this type could be made to 
operate for months with a total weight, 
including batteries and solar cells, of a 
few pounds. Similarly the electrical 
energy required for releasing sodium 
can be supplied with a small battery 
over and over again. Very little so- 
dium would be required— just a few 
grams for the entire mission. 

The Doppler shift expected of the 
sodium-D lines is not enough to make 
worthwhile measurements of radial ve- 

However, the frequency shift of a 
1,000 me. carrier can be measured to a 
fraction of a cycle, possibly to .001 
cps. Also, vehicle-borne oscillators arc 
now available which arc held constant 
in frequency to one part in 10 billion 
to one trillion. Thus the possibility of 
measuring velocities with accuracies of 
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ENGINEERS and SCIENTISTS 



Assignments are available now for engineers and 
scientists in many fields and at various levels, 
including Design, Weapons Systems Analysis and Integration, Aerodynamics, Manufacturing 
Research & Development, Manufacturing Process Specifications, Physics, and Chemistry. 


Professional positions at Convair-San Diego carry unusual advantages for engineers and 
scientists who are genuinely career-minded. Men who have demonstrated a level of ability 
above mere competence . . . who seek assignments to complement their capabilities . . . will 
find projects which range from the Convair 880 and 600 Jetliners to the application of nuclear 
energy to weapons systems. Significant work is in progress on manned satellite vehicles, VTOL 
and STOL aircraft, anti-submarine missiles and detection systems, and anti-satellite studies. 
Important, too, is the company itself. Convair-San Diego’s present-day stability has been 
carefully built on the foundations of achievement spanning 
more than a third of a century, and joint programs with 
other divisions of General Dynamics Corporation 
broaden the areas of activity and association for 
engineers and scientists. 

The unsurpassed climate of San Diego, California, 
is a bonus advantage enjoyed by Convair fami- 
lies. All-year outdoor recreation is abundant, 
and whether the choice is golf, fishing, hiking, 
a trip to the zoo, or simple backyard relaxing, 
they’re available twelve months a year in 
uncrowded San Diego. 


INTERVIEWS IN THESE AND OTHER CITIES SOON: 

BALTIMORE • BIRMINGHAM • BOSTON • CEDAR RAPIDS • CHATTANOOGA • CHICAGO • CINCINNATI • CLEVELAND • DAVENPORT 
DAYTON • DETROIT • FORT WAYNE • HOUSTON • INDIANAPOLIS • KANSAS CITY • LANSING • LOS ANGELES • MEMPHIS • MILWAUKEE 
MINNEAPOLIS • NEW ORLEANS • PITTSBURGH • ST. LOUIS • SAN FRANCISCO • WASHINGTON, D.C. 

Please forward your resume at once so advance arrangements for a personal interview may be made. 
Write in confidence to Mr. M. C. Curtis, Industrial Relations Administrator-Engineering. 

CONVAIR / SAN DIEGO DIVISION OF GENERAL DYNAMICS 

3500 PACIFIC HIGHWAY, SAN DIEGO, CALIFORNIA 



existing unclassified hardware. 

operating range of 25 million naut. mi. 
with a received bandwidth of 6.1 kc. 
The bandwidth was obtained from the 
Doppler shift corresponding to a hy- 
perbolic excess velocity of 6,077 fps. 
The range is double if the required 
bandwidth does not exceed 1.5 kc.— for 
example, when the radial component of 
the vehicle is relatively small. 

A carrier frequency of 1,000 me. was 
selected for the vehicle-borne transmit- 
ter. The power output was limited to 
50 w. with an efficiency of 20%. 
This corresponds to an over-all battery 
drain of 150 w. during the brief trans- 
mission periods. 

Tire path loss was calculated on the 
basis of total free space attenuation 
between omnidirectional antennas 
which are separated by 25 million naut. 


If the antenna is fixed with respect 
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and control system must be on hoard. 
However, a similar system would prob- 
ably be used anyway to provide guid- 
ance during final staging. After cutoff 
the control system would be tempor- 
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At a predetermined time and at in- 
crements thereafter, or upon receiving 
a trigger signal from earth, the vehicle 
will stabilize itself in inertial space. It 
will then initiate a search mode in 
order to locate the earth. Rather than 
depend on the gyros of the attitude 
sensor to have maintained the reference 
axis, which could have drifted exces- 
sively, a separate star tracker and/or a 
sun tracker can be used. The sun 
tracker might make use of several pairs 
of photocells, one cell on each side of 
a telescope forming a pair. By com- 
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.... e versatility and 

quality which make Ampex first 
in magnetic tape instrumentation . 
Coercivity and retentivity arc 
carefully balanced to square the 


quency spectrum. T 


The exclusive. Ferro-Sheen proc- 
ess makes Ampex the smoothest 
of magnetic tapes. Improved head 
contact means consistently high- 
er output and less noise from the 
very first run, unlike other tapes 
which^get “hotter” as they wear 

Smoothness' means uniformity of 


output, 
0.25 db . 


m each reel for low fre- 
quencies, a 1.5 db range for the 
highs. And regardless of base 
type or thickness, Ampex tapes 
are interchangeable without 
equalization or bias adjustment. 
Ampex Instrumental ion Tapes are 
available on hubs, NAB-typo oi 

alloy Preci- 

. of ' 

_ _ _e standard o 

Mylar* or acetate base, ii 
lowing lengths, reel di 
and base thicknesses : 
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T2I gets first successful rocket-catapulted ground-level escape system 


Eighty percent of aircraft emergencies occur below 
1500 feet-primarily during landing or take-off. 

That is why the Columbus Division of North Ameri- 
can Aviation— designer and builder of the Navy’s T2J 
jet trainer— has worked long and hard to perfect a seat- 
ejection system that is equally effective on the ground 
and in the air . . . at stall speeds and jet speeds. 

North American's new Emergency Escape System 
uses a rocket-catapult to hurl the seat high above the 
airplane- yet with minimum "G” forces on the pilot. 
The escape sequence is completely automatic. Timing 
devices are used for optimum drogue chute deploy- 


North American’s system is not only much safer than 
present operational systems, but also much simpler and 
morereliable.lt is the first of this type to be accepted by 
the Navy Bureau of Aeronautics for use by any Navy 
contractor-and North American is making it available 
to all aircraft manufacturers as part of an industry- 
wide drive to insure the safety of America’s pilots. 

The Navy's A3J Vigilante-today's most versatile 
attack weapon system-will have a similar escape sys- 
tem, modified to provide supersonic ejection at stratos- 
pheric altitudes. 


THE COLUMBUS DIVISION OF NORTH AMERICAN AVIATION, INC. 
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paring light intensities, the telescope 
can be made to point at the center 
of the sun, i.c., in azimuth and eleva- 
tion. A similar arrangement was used 
recently bv Schwa rzschild and Roger- 
son of the Princeton University Ob- 
servatory for photographing th'c sun 
from a balloon at 80.000 ft. 

Since the vehicle’s orbit is in the 
ecliptic plane, a 360 deg. search in the 
yaw plane and about a plus or minus 
30 deg. search in the roll plane should 
be adequate. Once the sun is acquired 
it is not difficult to locate first magni- 
tude stars, since their relative positions 
are well known. 

When the tracking system has found 
both the sun and the shirs, a perpen- 
dicular can lie calculated to form a ref- 
erence frame within the vehicle. This 
enables it to point the antenna in any 
desired direction. Although the rela- 
tive position of the earth is changing, 
it is known as a function of time. 

The power requirement for attitude 
stabilization is of the order of 300 w. 
during operation. 

The required torques for correction 
can be supplied by storable propellants. 
Space wheels can also be used in con- 
junction with thrust control. Spin 
stabilization could be used at launch 
to fix the attitude in space but it would 
interfere with almost every other opera- 
tion, such as searching, for example. 

Low weight digital computers arc 
available which arc capable of earning 
out the above functions. Once these 
functions have been prescribed, and the 
weight and power estimates made, it is 
possible to estimate the communica- 
tion capability. 

The II deg. beamwidth (Table III 
of the transmitting antenna will easily 
cover the entire earth once the probe 
is a few thousand miles out. The 
ground-based antenna is assumed to 
be a 100 ft. parabola, which certainly 


NEW 
MINIATURE 
AGASTAT 9 
time delay relay 

for missile, aircraft and 
electronic applications 

INSTANTANEOUS RECYCLING . . . 
reset time-less than .020 seconds 
UNAFFECTED BY VOLTAGE VARIATIONS . . . time delay remains 
constant from 18 to 30 volts DC 
ADJUSTABLE . . . time delays from .030 to 120 seconds 
CHOICE OF OPERATION... for either energizing or de-energizing 
SMALL . . . height— . . width-1 . . depth-1 
LIGHT . . . maximum weight-15 ounces 
MEETS ENVIRONMENTAL REQUIREMENTS OF MIL-E-5272A 
This new AGASTAT time delay relay is an externally adjust- 
able, double-pole, double-throw unit. It incorporates the basic 
AGASTAT timing principle, proved by a half-century of reliable 
operation on automatic aids to navigation, in a space-saving 
miniature unit built to withstand the rugged environmental 

For specific information on the new AGASTAT relay for 
your application, write to Dept. A30-335. 

ELASTIC STOP NUT CORPORATION OF AMERICA 




Avionics Engineers 

New projects at the Columbus Division have created 
openings for electronic engineers and scientists in many 
fields. 

Acoustics Test Analysis 
Analog Analysis of Systems 
Antenna Development 

ECM and Reconnaissance 
Flight Test Telemetering 

Radar Development 
Servo Analysis and Control 

Consider a permanent association with our engi- 
neering staff, among the finest in the aircraft missile 
industry. 

Electronic engineers are invited to write: 

H. Keever 

Engineering Personnel Manager, Box AW-12? 
North American Aviation, Inc. 

Columbus, Ohio 

THE COLUMBUS DIVISION OF . 

NORTH AMERICAN AVIATION, INC.T% 

Home of the TZJ Jet Trainer and the ASJ Vigilante 
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Aviation Week 

REPORTS 

1959 

ADVERTISING 

TRENDS 

First two month- advertising page count 
shows AVIATION WEEK with 628 pages 
total representing a gain of 105.07 pages 
or 20% over the same two months of 

1958. 

Other figures reveal Missiles & Rockets 
with a total volume for the two months 
of 256.72 pages and gains limited to 
28.73 pages or 12.6%.Space/Aeronautics 
(Aviation Age) a total of 318.07 pages 
for a gain of 5.99 pages or 1.9% for the 
same two month period ; American Avia- 
tion's two month total was 77.48 pages 
for a loss of -51.18 pages or -39.8%. 

The trend indicates a widening of 
AVIATION WEEK’S advertising leader- 
ship during 1959 as against 1958 when 
1687.14 more advertising pages were 
published by AVIATION WEEK than the 


CIRCULATION: 

ABC NET PAID - December 1958-71,950 
Current issue - 73,729 


® Aviation Week 

(jjjjj) /..Ml., Spate Technology 


is not excessive. The Jodrcll Bank an- 
tenna is 250 ft. in diameter. 

The noise figure of 6 db. is also con- 
servative, especially since Masers and 
parametric amplifiers are well under 
development, with noise figures con- 
siderably below this value. 

Television Possibly Used 

A small television package, com- 
plete with batteries, telescope and pho- 
tosensors. may have been used. An ex- 
posure of the order of one one-thou- 
sandth of a second might be adequate 
for obtaining a storable image, and 
not too long to cause noticeable blur- 
ring. The image would then be scanned 
at a rate which does not exceed the 
bandwidth or power capabilities of the 
system. By employing a target with 
high resistance, leakage currents could 
be minimized and a frame rate of less 
than one frame per second could be 
employed. With a power output of 30 
w. the suggested communication sys- 
tem could handle a bandwidth of 100,- 
000 cps. 

A separate ground receiver would 
have to be used, however, other than 
the one suggested here. 

Army Contracts 

Following is a list of contracts for 
525,000 and over as released by U.S. 
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What Sundstrand Turbo 
is doing in advanced power 
systems for space vehicles 


Sundstrand Turbo engineers are deep in the study of advanced power systems for 
interstellar space travel, with thinking that is years ahead of current missile plan- 
ning and requirements. The five systems shown here that have been developed 
or are currently being developed, include: (1) Open and closed cycle chemically- 
fueled power systems. (2) Nuclear power systems, closed cycle, (3) Solar power 
systems, closed cycle, (4) Thermionic and thermoelectric power systems, and (5) 
Solar photo-voltaic and solar recycling fuel cell power systems. The suitability of a 
particular power system depends on factors such as the power to weight ratio, the 
flight duration and environmental conditions, the overall reliability, the effect of 
a malfunction on the society living within the regime of the device, the availability 
of the system, and, of course, the ultimate cost. 

The important fact is that power ranging from one to hundreds of kilowatts for 
periods from a few days to years will be required in space vehicles of the future. 
Sundstrand Turbo's achievements in the design, development and production of 
chemically-fueled power systems provide us with a broad base of experience for 
extending the present state-of-the-art with minimum development effort. 

If your requirements lie in the area of advanced power systems for long duration 
space vehicles, you might benefit from the optimization studies, development 
capabilities and precision production facilities offered by the Sundstrand Turbo 
team.Write for informative broclwre-'Sundstraml Turbo FacilitiesandCapabilities." 
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For complete details on Mooij •servoactuators 
write for Catalog 170. 
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e compact, lightweight 
ly include an actuating 
"cylinder, servovalve, and feedback sensing 
device. These integrated units offer the advan- 
'e custom design includ- 
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In addition to ICBM and other missile, rocket, 
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from Westinghouse... equipment for hardened missile bases 


Westinghouse has been building shock-proof elec- 
trical, electronic and mechanical equipment since 
1940 ... In fact, Westinghouse makes more types 
of apparatus for high shock applications than any 
other manufacturer . . . turbines, gears, generators, 
switchgear, transformers, motors, control, elevators 
and electric stairways, lighting, air handling and 
conditioning equipment, microwave communication 
systems and many other devices and components. 


Whether above ground or below, soft or hard- 
ened, defense installations require a great variety of 
equipment which must operate without fail as in- 
dividual units and as elements of interrelated sys- 
tems. As a supplier to the Government and to 
general, electrical and mechanical contractors, 
Westinghouse provides system-coordinated appli- 
cations of standard or shock-proof apparatus which 
assure the most reliable and economical installations. 


Take advantage of this Westinghouse experience, 
product range and application coordination to in- 
sure system performance and shortest installation 
and acceptance times. Contact your Westinghouse 
sales engineer or write Westinghouse Electric Corpor- 
ation, 3 Gateway Center, P. O. Box 868, Pittsburgh 
30, Pa. Copies of this illustration suitable for framing 
are available when requested on your letterhead. 



YOU CAN BE SURE. ..IF IT'S 

TVestinghouse 



custom-designed 
Lord mounting systems lor: 


nertial guidance system: 
analog and digital computers 
primary navigational systems 
integrated electronic systems 
radio receivers, transmitters, transponders 
magnetrons 
airborne radar 
pressure transducers 
airborne controls and instrumentation 
itegrating accelerometers 






positive protection for sensitive equipment 


The mounting system shown here was designed, 
developed and produced by Lord for the inertial 
guidance platform ofan ICBM. It clearly demonstrates 
Lord’s capability to meet the most sophisticated 
requirements for shock and vibration protection. 

You can assure optimum reliability for your 
missile or advanced jet project by utilizing Lord 
skills and experience. Integration of Lord abilities 
with those of your staff will result in an economical 
system design providing maximum protection for 
given weight and size. 

Complete research, engineering, test and production 
facilities — staffed with personnel of outstanding 
capabilities— can provide vital assistance for your 
program. Full information is available from your 
nearest Lord Field Engineer or the Home Office, 
Erie, Pennsylvania. 



LORD MANUFACTURING COMPANY • ERIE, PA. 
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HIGH DEGREE of pitch stability was one of the Douglas DC-8 transport’s flight characteristics reported by Aviation Week pilot. 
Aviation Week Pilot Report: 


DC-8 Demonstrates Over-All Flyability 


By Richard Sweeney 

Long Beach, Calif.— First impressions 
of the flight handling of the Douglas 
DC-8 indicated to Aviation Weeks 
pilot an over-all flyability greater than 
that usually expected of large swept- 
wing jet transports. 

Although strictly normal flying was 
done and no edges of the flight envel- 
ope were investigated, the DC-S showed 
potential for becoming a standard for 
a "pilot’s airplane” among jet trans- 

Favorable characteristics it displayed 
included: 

• Very high degree of pitch stability 
for a long airplane. 

• Damping out roll due to yaw (clutch 
roll) in acceptably few oscillations, with 
hands off the controls. 

Sampling of the aircraft's stability, 
control responses and pressures was ac- 
complished during a 30-min. period 
including cruise at 31,000 ft., letdown. 


ILS-typc approach to Long Beach air- 
port. plus follow-through on landing 
with Douglas pilot Arnold G. Heimer- 
dinger. 

Mown by Aviation Week pilot 
without autopilot or other automatic 
flight control or stability augmentation 
device, the DC-8 showed a very high 
degree of pitch stability at cruise alti- 
tude oven with people traversing the 
full length of the fuselage. 


Trim Characteristics 

Turns by Aviation Week pilot at 
cruise altitude and during letdown, with 
gear down and up. indicate the aircraft 
has excellent trim characteristics. Speed 
was held constant at Mach 0.7S3 at 
altitude, while constant 290 kt. indi- 
cated air speed (IAS) was held during 
ind in this regime, control 

level turns and in letdown, 
rn rate was held to one nccdlcwidth. 

The DC-S handled extremely well 


throughout approach, with minimum 
trim change at gear extension. Stabil- 
ity was excellent during the low portion 
of approach, and response rates to con- 
trol inputs for corrections also were ex- 
tremely good. 

Approach speed varied from 160 kt. 
IAS initially to HO kt. on close final 
with landing flap extended, while land- 
ing flare speed was 129 kt. IAS. The 
aircraft settles nicely onto the runway 
after rotation using the standard tech- 
nique of rotate, then hold what you 

Landing was at maximum landing 
weight of IS9.000 lb. for the DC-S. 
or slightly heavier. 

During the letdown, Heimerdingcr 
accomplished one demonstration, the 
clutch roll dampout. Descent rate was 
1 ,300 fpm., a heavy left roll was in- 
duced. then rudder pressure applied to 
augment the roll. Only the shaft of the 
yoke was held to maintain desired de- 
scent rate, and airspeed. The airplane 


AVIATION WEEK, 


30, 1959 



Navy Contracts 

Following is a list of 




Continuous 

thinking... 


. . . research and experience developed 
Magnetic Research Corporation’s all new 
DC-DC CONVERTER ... a converter 
whose versatility is adaptable to telemeter- 
ing, guidance, control and communication 
groups ... or any other application 
where the DC regulated power is required. 

DC-DC CONVERTER specifications 

OUTPUT POWER : MULTIPLE 1 50 WATT MAX. 
SIZE: 5.0" X 3.5" X 3.7". WEIGHT: 3.5 lbs. 
EFFICIENCY: GREATER THAN 75% 

LINE REGULATION: LESS THAN ± 1 % 

SHORT CIRCUIT PROOF. . . 28V DC INPUT 


Pacing the industry in Astro-Magnetics 



MAGNETIC RESEARCH CORPORATION 



FAIRCHILD 
SENSING DEVICES 




TP-300 



•Th. "tuc> und« e ff «cr « m •“Sft'fflJJ 
S°p"sin^ 




TP-100 NEW 1-INCH 




Aerojet-General Corp. technician mixes in additives to a batch of solid fuel rocket propellant to improve propulsion characteristics and 
to accelerate curing. If the propellant is not inert, curing is done with the lid closed and the room evacuated. 




MISSILE 

ENGINEERING 


Polaris rocket casings arc positioned for propellant casting (above left) at Aerojet-General's cast and cure building. Propellant is cast into 
the chamber while the chamber is in a vertical position. Polaris chamber (above right) is being prepared for delivers- to the test area. 
The four nozzles control direction of thrust and thrust termination. Solid rocket plant is in Sacramento, Calif. 



Polaris rocket is prepared for static test at Aerojet-General's solid rocket plant, which employs 5,000 persons and is located on a 20.000 
acre site next to the liquid rocket plant. Solid rocket plant also makes powcrplants for Minuteman, Hawk, Sparrow and Scout. 
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REMOTELY controlled maintenance of turbojet engines (above) has been proven feasible by General Electric Co. Picture shows a 
nuclear turbojet being dismantled by a manipulator. Three dimensional color television set is used in conjunction, for closcup viewing. 
Manipulator gives the operator a "feel" for the dismantling through a feedback system. At right is heat transfer reactor experiment test rig 
which contains an airborne reactor prototype surrounded by heavy shielding to keep radiation lower than required on an aircraft in flight. 


ULTIMATE form of the direct cycle nuclear turbojet will have 
the reactor inside the cylindrical engine shell. Present tests are 
being conducted with the reactor. In other tests. General Electric 
Co. has operated turbojet engines for more than 100 hr. on 
nuclear power alone, using the large test rig shown below. 


Nuclear Plane Construction Feasible Now 


By J. S. Blitz, Jr. 

Washington— High subsonic nuclear* 
powered bomber or transport could be 
designed, built and flight ‘tested by the 
U.S. in approximately the same time 
required for conventional aircraft— 
three-to-five years— if the program ob- 
tained adequate support. 

Controversy now centers around the 
inability of engineers to conclusively 
prove on paper that a nuclear plane will 
soon be able to outperform chemical 
fueled aircraft in speed as well as range, 
but no arguments apparently remain as 
to the current feasibility of large sub- 
sonic atomic-powered aircraft. 

The nuclear plane debate, which ex- 
tends through Congress and the fiscal 
and military elements of the Adminis- 
tration, includes one major segment of 
opinion which doubts whether such 


subsonic aircraft have significant mili- 
tary value. Proponents of this view cite 
the danger of “overkilling” the Russians 
and overspending U. S. resources by de- 


Nuclear Series 
Ability of the U. S. to develop and con- 
struct a useful nuclear-powered aircraft 
under existing technology has become 
the subject of wide debate within tech- 
nical and political circles, particularly 
because of Soviet progress in this field. 
This is the first of two articles based 
upon an Aviation Week survey of the 
technical posture of the U. S. nuclear 
aircraft program. The first article de- 
scribes the present feasibility of con- 
structing such an aircraft. The second 
article will describe in detail the equip- 
ment and techniques which already have 
been developed. 


veloping still another weapon system. 

The other side, which includes a 
large segment of the technical people 
concerned with the issue, believes that 
the quickest and least expensive way to 
fin’d out how to build a supersonic 
nuclear aircraft is to design and flight 
test and learn to live with the subsonic 
version. 

Testing Costs 

Holders of this view contend that 
there is danger of spending another 
$800 million and another 10 years be- 
fore first flight if money is only author- 
ized for components and systems tests 
as has been done in the past. 

Present technical posture of the 
nuclear aircraft program has been clearly 
outlined by the private firms which have 
conducted much of the work. Com- 
pilation of the information that they 


AVIATION WEEK, March 30, 19S9 



VEHICLE at left carries from 55, 000 to 75,000 lb. of shielding to enable a man to approach the nuclear aircraft about one hour after 
ts reactor has been shut down after a long power run. Vehicle would be used to connect and disconnect wires, fittings, aftercooling sys- 
:ems, etc., prior to removal. At right is drawing of a concrete hangar that would be built as part of ground facilities for airborne nuclear 
reactor test program. Aircraft would taxi up onto a railroad cart after landing and then be pushed into the hangar by a shielded locomotive. 
Highly radioactive components, such as the reactor itself, would be lowered into a heavily shielded pit in the center of the hangar. Below 
is the large shielded room used at the General Electric Idaho Test Station for assembly and maintenance of radioactive elements of 
engines and test assemblies. 






have reported with the concurrence of 
the Atomic Energy Commission shows 
that all major technical problems sur- 
rounding the subsonic nuclear powered 
aircraft have been answered in the 1 3 
years since the program began. Avail- 
able information includes: 

• Weight of reactor, shielding and en- 
gines on a nuclear airplane is now lower 
than the weight of the fuel and engines 
carried by similar conventional aircraft. 
According to Lockheed Aircraft, which 
began its program eight years ago, a 
nuclear bomber the size of the Boeing 
B-52 could carrv a larger pavload than 
the B-52. 

• Flight crews could serve 10 contin- 
uous years in such nuclear bomber 
squadrons, while logging nearly four 
times more flying hours than is now 
customary among Strategic Air Com- 

• Turbojet engines have been operated 
successfully on nuclear power alone for 
more than’ 100 hr. by the General Elec- 
tric Co. These and other tests hare 
shown that nuclear turbojets capable 
of taking B-52-size aircraft off existing 
runways can be constructed. 

• Existing materials, if selected judi- 
ciously, may be used throughout a 
nuclear-powered aircraft, according to 
results of tests conducted by a number 
of Arms and the AEC. 

• Lubricants and hydraulic fluids ca- 
pable of withstanding the radiation 
dosages and high temperatures around 


aircraft nuclear reactors have been de- 
veloped by the General Electric Co. 
These organic fluids arc normally among 
the first substances in a jet engine or an 
airframe to break down and change 
composition in the presence of nuclear 
radiation. 

• Electronic components and equip- 
ment which function properly while vi- 
brating in strong radiation fields and 
at high temperatures have been devel- 
oped by General Electric. This equip- 
ment does not require external cooling 
and reduces the design of reactor and 
engine controls and flight test instru- 
mentation for the nuclear aircraft to an 
engineering rather than a research task. 

• Remotely controlled maintenance and 
ground handling of reactors, engines 
and other radioactive components of 
nuclear aircraft is feasible, and most of 
the necessary equipment and techniques 
now exist. Specifications for the few 
additional pieces of remote handling 
equipment still needed for actual air- 
craft operation have been clearly de- 
fined through development work that 
has been completed. Estimates are 
that remotely controlled maintenance 
plus the maintenance that humans will 
be able to perform in direct contact 
with the aircraft will be efficient enough 
for the nuclear aircraft to achieve a 
utilization of large transport aircraft and 
about twice that achieved by the best 
Strategic Air Command units. 

Majority of the technical officials as- 



SIZE of Pratt & Whitney Connecticut Aircraft Nuclear Engine Laboratory' at Middletown, 
Conn., is pointed up in this aerial view. Company next year will build a laboratory here 
to study effects of radiation of materials and fuels; unit will be built with Air Force 
funds and staffed by Pratt & Whitney Aircraft technicians. One-story structure will 
fhcludc seven cells for remote control experiments. Samples of irradiated materials will 
conic from reactors at National Reactor Test Station, Idaho Falls, Idaho. 
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latest data 
control concepts 
for missile and 
undersea applications 


The AiResearch Centralized, Air Data 
Computing System will sense, measure 
and automatically correct for air 
parameters affecting flight of the North 
American-Air Force F-108 Interceptor 
and will supply simplified air data to 
the pilot. Eliminating duplication of 
components, the system will cut down 
space and weight requirements over 
decentralized systems by many times. 

The centralized combination of 
transducers, computers and indicators 


represents an integrated system con- 
cept combining electrical, electronic, 
pneumatic, hydraulic, electro-mechan- 
ical and mechanical servo capabilities. 
Technical experience in each of these 
fields enables AiResearch to achieve 
optimized systems covering a wide 
range of functions while meeting the 
most rigid specifications. Systems man- 
agement is an integral part of each 
Central Air Data program enabling 
AiResearch to assume the overall re- 


sponsibility for systems or subsystems. 

The first fully optimized central air 
data system is already operational 
aboard the Navy’s supersonic F4H-1, 
the first aircraft to fly with such a 
system. Similar equipment is on the 
Navy’s first weapon system, the A3J 
“Vigilante.” This broad AiResearch 
systems capability is now being ap- 
plied in the fields of military aircraft, 
commercial jet transports, missiles 
and submarines. 



IS REPRESENTATIVES: 


AiResearch Manufacturing Divisions 

Las Angeles 45, Calilornia • Phoenix, Arizona 


Systems, Packages and Components for: aircraft, missile, electronic, nuclear a 


D INDUSTRIAL APPLICATIONS 




save machining . . . save material ... by using 


sociated with the program feel that, re- 
gardless of how conclusive the engi- 
neering accomplishments of the nuclear 
aircraft project become, and the above 
facts undoubtedly represent but a small 
part of the total picture, no amount of 
isolated systems and components work 
will eliminate the necessity for experi- 
mental flight testing of a complete air- 
craft. 

Technical personnel connected with 
the program point out, however, that a 
flight test nuclear-powered aircraft also 
would have military usefulness in its 
finally developed form, so that it would 
not be necessary to use this experimen- 
tal data to design a completely new air- 
craft. Considerable weapon system has 
been done in this connection. 
CAMAL Objectives 

One of the most complete descrip- 
tions of such an aircraft has come from 
F. A. Cleveland, of Lockheed Aircraft, 
one of the company’s principal nuclear 
engineers. Cleveland describes the 
CAMAL (Continuous Airborne Mis- 
sile Launcher and Low Level) system 
proposed for the Air Force in the fol- 
lowing terms: 

• “The CAMAL airplane is no larger 
than present SAC aircraft." 

• “At the ranges necessary for effective 
strike at the enemy’s heartland, the 
CAMAL airplane carries a payload 
greater than that of present SAC air- 
craft.” 

• "Each CAMAL airplane will be able 
to operate initially at least several times 
as many flight hours per year as present 
SAC aircraft and, after full operational 
status is achieved, it is expected to op- 


rolled steel 



Simple or complex cross-sections are formed so accurately 
by the Edgewatcr process, that machining is greatly mini- 
mized. These rings are rolled from solid blocks of steel. Hot 
working develops greatest strength and toughness in the 
metal. Diameters from 5 to 145 inches. Materials include 
carbon and alloy steels, stainless, tool steel, titanium. 


<D 


Edgewater Steel Company 

Dept. AW • P.O. Box 478 • Pittsburgh 30, Pa. 
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crate many times more flight hours per 

• "The airplane can operate from run- 
ways designed for current SAC air- 
craft.” 

• “It has essentially unlimited range 
and/or endurance, although the total 
mission programed for the system will 
rarely exceed one week in the air." 

• “It can orbit at altitudes above the 
weather at any spot on earth from 
which it can launch its payload of air- 
to-surface missiles against enemy tar- 
get complexes and then descend to 
minimum altitude for a penetration of 
unlimited range for final destruction of 
hard targets.” 

Cleveland unequivocally emphasized 
that there is no question of feasibility 
concerning any phase of the construc- 
tion of this aircraft or its related pow- 
crplants. 

Lockheed studies and experimental 
work with radiation effects and shield- 
ing have enabled the company to draft 
some definite statements concerning a 
nuclear-powered logistic transport for 
carrying all of the equipment required 
by a modem armv. R. W. Middlewood 
and R. B. Ormsby, Jr., chief engineer 
and operations research specialist re- 
spectively at Lockheed's Georgia Divi- 
sion, have outlined the type of nuclear 
cargo aircraft that can be constructed 
with today’s technology. This aircraft 
would: 

• Cruise at about Mach 0.6, or a little 
over 400 mph., carry a 100,000 lb. pay- 
load and use direct cycle nuclear tu ’ - 
prop engines. 


• Operate off mnways less than 6,000 

• Allow ordinary cargo loading methods 
to be used because of the small amount 
of shutdown radiation. 

• Carry heavy enough shielding around 
the reactor to keep inflight radiation in 
the cargo compartment at a level which 
would allow all types of military cargo 
to be carried and used immediately 
upon unloading. Additional shielding 
around the crew compartment would 
be adequate to set crew utilization by 
fatigue limits rather than radiation dos- 
age. 

Maintenance work on the reactor in 
this transport and much of the engine 

formed at special installations with re- 
mote handling equipment. 

Reactor Development 

Most of the money and effort in the 
nuclear aircraft program has been di- 
rected toward the development of a 
suitably small and powerful reactor and 
a turbojet engine which could be used 
with it. A sizable fraction of the $SO0 
million which has been spent on the 
nuclear aircraft program during’ the past 
15 years has gone toward this engine 
and reactor work and the development 
of the remote handling equipment they 
will require. 

According to congressional sources, 
this figure of $800 million-plus does 
not include the funds that have gone 
toward the nuclear rocket, ramjet or 
auxiliarv nuclear power units for space 
use (Project SNAP). 
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The measures of abi/i 



Holley goes 
Commercial 
on America’s 
First Jet\ 




Airliner 


Holley Accessory selected for 
Pratt & Whitney Aircraft JT-3 Engine 

Three basic goals rule the efforts of design, engineering, and manufacturing engineers at 
Holley: exceed, if desirable, minimum performance standards, lessen the weight, and 
reduce the size to allow more freedom of location on the engine. Another proof of Holley’s 
success in attaining these goals is the choice of a Holley engine accessory for the 
Boeing 707; the Holley designed, engineered, and manufactured 




Hiller to Fly Second 
Platform in 60 Days 

New York— Hiller Aircraft Corp., 
which disclosed 1958 increases in sales, 
earnings and backlog here last week, 
plans to fly an advanced version of its 
Flying Platform in the next 60 days. 

Hiller has three research and develop- 
ment ducted fan programs under way 
under Army or Navy sponsorship as ex- 
tensions of its first flying Platform that 
flew in 1955. The new flight test 
vehicle is a modified version of the 
second piece of hardware built under 
the original program, the Army VZ-1E. 

The 8-ft. diameter duct and the three 
Nelson H56 two-cycle four-cylinder op- 
posed piston engines are retained in the 
modified version, which is a Navy Bu- 
reau of Aeronautics project. 

Basic change is the provision for for- 
ward tilt— probably not to exceed 45 
deg.— for investigating higher speed 
ranges for Platforms. Provision will be 
made for a pilot's scat and larger gvro- 
vancs will be required for control. The 
first Platform had no such vanes, but 
the second does. 

In the first Platforms, the pilot stood 
and maintained control by shifting his 
weight. As speeds increase, forces be- 
come too large for this system. 

All three programs are aimed at ob- 
taining more stability and control data 
on the Platform configuration. Hiller 
once had an order for 12 Platforms, 
but the money was diverted into the 
R&D effort because of this lack of data. 
Hiller eventually hopes to move into 
still higher speed ranges and greater 
tilt angles with the configuration. 

Three other advanced VTOL pro- 
rams were disclosed by Stanley Hiller, 
r., company president: 

• Lift angmention through the en- 
trainment of ambient air that occurs 
when upward flowing jet thrust is de- 
flected downward outside tire engine 
after passing through orifices at the top 
of the engine casing. Augmentation of 
this kind shows capability of doubling 
thrust effectiveness, Hiller said. 

• Vortex generator studies to determine 
the feasibility of creating lower pres- 
sures and thus lift above aircraft sur- 
faces. The studies for USAF, which 
are to attack the problem of controlling 
an artificially created vortex, have as an 
ultimate goal the design of a wingless, 
rotorless aircraft. 

• Retractable rotor system that folds in 
fuselage in forward "flight. 

Hiller's X-1S tilt wing aircraft devel- 
oped for USAF will fly in the next 60 to 
90 davs, Hiller said. 

Hiller forecast that current types of 
helicopters would be an important part 
of the military inventory' until 1965, but 
that next-generation type VTOL air- 


craft as the X-18 would begin to ap- 
pear operationally by that time. 

In the transport field, he called tho 
current generation of jet aircraft the 
twilight of the fixed wing. When the 
supersonic transport arrives, it will be a 
VTOL vehicle, he predicted; the thrust 
it will require for supersonic speeds 
also will provide vertical lift. 

Hiller also is studying under a Navy 
Phase One contract, a flying crane heli- 
copter powered by Continental Model 
141 tip turbojets. This work is an out- 
growth of the H-32 Hornet tip ramjet 
program. Company officials said flow 
and heat problems in the rotating ram- 
jets presented no insurmountable ob- 
stacles. The biggest problem reported 
was high fuel consumption. 

Hiller sales totaled 513,216,718 in 
1958, of which 52,382,482 represented 
commercial orders. Hiller said the com- 
mercial military ratio this year would 
change from 15-85% to 20-80% or per- 
haps 25-75%, and that this might 
reach 50-50% by 1965. 

Earnings rose" from 5228,151 or 61 
cents a share to 5327,125 or 80 cents a 
share in 1957. Sales in 1957 were 
511,121,011. 

Hiller reduced its long term debt bv 
5393,500 to 51.6 million last year by- 
converting debentures into common. 

Over the last five years Hiller sales 
have doubled, but its working capital 
has staved fairly constant around the S3 
million mark even though both bank 
and long term debt have been gradually 
reduced. Hiller is unusual among air- 
craft companies— long term debt is 
larger than short term bank debt. 

The company’s financial vice presi- 
dent, James T. Dresher, said that the 
companv has a 52 million line of bank 
credit with only 5330,000 outstanding 
at year end and that this and the com- 
pany’s general financial position could 
support sales as high as 525 million 
without any new financing. 

Other financial reports: 

• Thiokol Chemical Corp. reported 
sales of its rocket division rose 62% 
in 1958 from 547 million to 577 mil- 
lion, Company-wide sales totaled S8S,- 
993,121, compared with $55,349,962 
in 1957, and earnings rose from 51.41 
a share to 52.05. 

• Rlieein Mfg. Co. leported that de- 
clines in defense business as well as 
commercial products cut 1958 earnings 
to 5301,673 or 12 cents a share from 
the 1957 net of $1,968,916 or 97 cents 
a share. Sales declined 20%, from 
5188,580.607 to 51 51,312.416. Rheem 
showed losses in the first two quarters 
of 1958, but improved earnings and a 
cost cutting program brought an im- 
provement in the last half. Inventories 
were cut in half over a two-year period 
and bank loans cut to less than one- 
fourth the 1956 total. 
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EQUIPMENT 


Language Programing Speeds Machining 


By Barry Tully 

Cambridge, Mass.— Shorter lead 

times in weapon system development 
may result from a written language sys- 
tem for automatic part programing of 
numerically controlled machine tools 
developed at the Servomechanisms 
Laboratory of Massachusetts Institute 
of Technology. 

A programing man-hour bottleneck, 
caused by growing use of numerically 
controlled machines, spurred develop- 
ment of the automatic programing sys- 
tem, called (APT) automatically pro- 
gramed tools. It was developed under 
Air Materiel Command control. The 
system employs an English-like lan- 
guage with which the programcr cm 
describe parts and cut sequences to the 
computer. The language, at present, 
contains a vocabulary of 107 words. 

Its similarity to English allows the 
human operator to learn the language 
with a minimum of difficulty. The re- 
sult is that anyone familiar with ma- 
chine tool operations can learn to pro- 
gram the computer in much less time 
than would be possible with manual 
programing. 

Prime Advantages 



port is prograr 
om a drawing, describes the part in 
language is used to direct the comp 

ing tool head, feed rate and required tolcranci 
as and movement directions. APT computer performs tl 
transfers the information to a punched tape which is fi 
-. Diagram, lower right, show-s the path and direction. 


Prime advantages of the APT sys- 
tem are its expansion capabilities and 
its language which will permit stand- 
ardization of procedures throughout 
industry. Automatic programing meth- 
ods presently in use can equal the APT 
system in speed of programing certain 
parts. They lack however, the versatil- 
ity of the APT system. 

APT system slated to go into use is 
designated the 2D APT II system. This 
signifies that the system is designed 
primarily for two-dimensional work. 
However, it is programed in terms of 
three-dimensional space curves. APT 
111, the next level of sophistication, is 
still in the research stage. This system 
will be programed in terms of entire 
regions of surfaces in three dimensions. 
The ultimate hope of APT system de- 
velopers is a computer that could be 
fed part requirements and have it se- 
lect the optimum size and shape. 

M.I.T. describes the system as a gen- 
eral skeleton program representing a sys- 
tematized solution to the problems of 
moving a cutting tool in space. This 
program can be "fleshed out” for any 
particular application by adding to it 
cutting directions for each surface in- 
volved so that a specialized computing 
program can be made for any particular 
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Your office can be this pressurized, 
efficient business aircraft 


AiResearch Aviation Service lias been selected to 
convert a large number of Convair 240s for Fred- 
erick B. Ayer & Associates, world-wide aircraft 
dealer, into Executive Ayer-Liners, tlie first pres- 
surized aircraft ever offered to the corporate 
market at a realistic price. 

Custom interiors, like the demonstrator shown 
above now on a nation-wide tour, are designed by 
AiRcsearch engineering specialists and interior 
stylists to meet individual company requirements. 
AiRescarch conversion has increased the range of 
this superior business aircraft 50 percent over the 
commercial model and has increased the gross 
weight. Outer wing panel fuel tanks assure you 
one-stop, coast-to-coast flights with ample fuel 


reserve for instrument weather. 

Other modifications include installation of 
auxiliary power units, new instrumentation, new 
electrical, hydraulic and pneumatic systems, plus 
radar and auto-pilot (optional). These improve- 
ments, exterior painting and relieensing of the 
aircraft are done by AiRcsearch specialists meet- 
ing all CAA regulations. 

AiRcsearch Aviation Service has performed 
more executive modification programs on Con- 
vair 240s, 340s and 440s than any other company'. 
You arc invited to inspect our more than 150,000 
square feet of floor space representing the finest 
conversion, modification and servicing facilities 
available. Free brochure mailed on request. 


THE 


CORPORATION 

A Research Aviation Service Division 

International Airport, Los Angeles, Calif. • Telephone: ORegon 8-6161 


Ground Support • Conversion and Modification • Custom 





problem. Manual programing requires 
the writing of a sequence of numerical 
instructions, calculating cut locations 
and transferring this information to the 
input medium of the machine control 

General purpose computers arc con- 
verted to API' system computers by 
reading in a fixed master deck of APT’ 
program cards. Computet used to de- 
velop the system was the International 
Business Machines Corp. 704, 

Punched Cards 

The APT language is typed onto 
punched cards and converted into 
coded logical equivalent computer 
words and assembled in sequence. 
Translation of the language into com- 
puter terms is performed by the pre- 
processing programs. 

Instruction preprocessor performs 
primarily logical language translation. 
Definition preprocessor performs math- 
ematical transformations and geometric 
definition statements from any of the 


many forms the human part programer 
might use into the single fixed canoni- 
cal form for each surface type required 
by the computer. This permits the 
part programer to specify a circle, for 
example, in a number of wavs, rather 
than the canonical form which consists 
of the coordinates of the center and the 
magnitude of the radius. 

The arithmetic element program cal- 
culates successive cutting tool locations 
based upon the surfaces and curves de- 
fined, and the tolerance of approxima- 
tion specified. Tool center locations are 
then recorded in sequence on a mag- 
netic tape. This skeleton program is 
"fleshed out" by drawing upon the 
appropriate normal vector and directed 
distance subroutines which are con- 
tained in the library of surface solu- 

After calculation, the post-processing 
phase allows for the dynamic character- 
istics and different numerical directors 
of each particular machine tool. This 
will prevent such occurrences as ex- 


AIR 

TRAFFIC 

CONTROL 



An expanding program in air 
traffic control has created inter- 
esting opportunities with The 
Thompson-Ra mo- Wooldridge 
Products Company. This pro- 
gram requires the development 
of tractable mathematical mod- 
els, advanced programming 
methods, and techniques for 
analyzing immense quantities 
of data. In addition, it involves 
the application of digital com- 
puters. input-output equipment, 
and associated displays. Tech- 
nical staff members now being 
added will have opportunities to 
make substantial contributions 
to tomorrow's systems. 

Openings exist in the systems 
engineering groups in Los An- 
geles, California, and Atlantic 
City, New Jersey. 

Engineers, physicists and 
mathematicians who have B.S. 
or advanced degrees and appro- 
priate experience are invited to 


Mr. Harry A. Keit, Associate 
Manager Data Processing and 
Controls Department. 

THE THOMPSON- 
RAMO -WOOLDRIDGE 
PRODUCTS COMPANY 

P. O. Box 90067 Airport Station 

A DIVISION OF 

THOMPSON RAMOWOOLORIDGE 
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MAY 4 
OFFICIAL 
AIR 

TRANSPORT 

FACTS 

AND 

FIGURES 

Once again, AVIATION WEEK has been officially designated 

to publish "Air Transport Facts and Figures" as compiled 
by the Air Transport Association. These official operating 
statistics will detail the impressive picture of air transport 
progress witnessed in 1958. In addition, AVIATION WEEK 
editors will devote extensive editorial coverage to the most 
significant areas of current air transport development. In- 
cluded will be a special report on commercial jet operations 
as experienced by Pan American with the Boeing 707 and 
Eastern and American airlines with the Electra. 



This is your annual opportunity to speak to the largest au- 
dience of decision makers in air transport when their inter- 
at a peak. It will gain the attention of manufacturers 
air transports, members of Congress, airline 
CAB officials. If your business is equipment, mate- 
services for air transportation, this is one issue to 
today. Regular advertising rates apply. 






Aviation Week 

including Spate Tethnology 



Press Forms Extruded Panels 


Extruded aluminum is flattened into 34 in. widths to form outer skin panels for Martin 
Titan intercontinental baUistic missile. Aluminum is extruded on a 14,000-ton press at 
Aluminum Co. of America's Pittsburgh, Pa. plant. Widths are shipped to Martin's Denver 
facility for stretch forming, chemical milling and welding. 


cessive feed rates which would cause 
the tool to overshoot on sharp comers. 

Final operation of the APT system is 
to punch out cards containing the nu- 
merical part program in the director’s 
language for conversion on off-line 
equipment to magnetic or paper tape as 
required. 

Arithmetic Program 

Tire arithmetic element program has 
full three-dimensional capabilities: how- 
ever, at present the input language is 
primarily two-dimensional and system 
contains' preprocessing facilities only for 
points, lines and circles. Vocabulary 
does permit the specification of quad- 
ratic curves in two-dimensions, such as 
ellipses, hyperbolas or parabolas, and 
the basic quadric surfaces in three-di- 
mensions such as planes, spheres, cones, 
cylinders, ellipsoids, hyperboloids and 
paraboloids. 

Full three-dimensional part program- 
ing is possible only by using the less 
convenient language of the control ele- 
ment itself. 

APT Symbols 

All APT language words contain six 
or less letters or symbols. The APT 
statement ON KUL. ON SPN, GO 
RGT, TL LEFT, C1RCLE/CNTR 
AT, 4-2, +- 3, Radius, +-5. is a con- 
densed form of the English “turn on 
the coolant,” “turn on the spindle," "go 
right with the tool on the left side 
along the circle whose center is located 
at x equals 4--2. Y equals 4--3, with a 
radius of +-5.” Preprocessing instruc- 
tions can bring considerable savings of 


time and manpower as well as increased 
reliability in programing certain parts. 
Extension of the facilities to wider 
classes of geometric curves and surfaces 
including airfoil shapes should result in 
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Structural Engineers 

The Columbus Division of North American offers 
immediate positions for career-minded structural 
engineers. 

Structural Analysis Engineers: Ability to derive 
internal load distributions and/or perform structural 
analyses of complex components of aircraft and missile 
structures. High temperature stress experience desir- 
able. 

R & D Engineers: To improve and optimize structural 
analysis methods and techniques. Current studies 
include development of fatigue criteria, nuclear effects 
on structures, thermal cycling, and associated problems 
of creep, cooling, and insulation. The R & D group pro- 
vides structural support to Advanced Design. 

Increased R & D activity and expanding work loads 
have caused this expansion. If your degrees or degree 
and professional experience qualify you. please write to : 

H. Keever 

Engineering Personnel Manager, Box AW 126 
North American Aviation, Inc. 

Columbus, Ohio 

THE COLUMBUS DIVISION OF 

NORTH AMERICAN AVIATION, INC. ^ 

Home of the T2J Jet Trainer and the ASJ Vigilante 


Contributing to the development of 
the APT system was the Aircraft In- 
dustries Assn.. 19 members of which 
took part in an extensive field trial, 
program to define the system. 
Computer Use 

The IBM 704 computer was selected 
for the project on the strength of its 
widespread use among the participating 
companies. M.I.T. points out that the 
APT system is not intended to become 
the province of any single computer 
manufacturer, nor is the system limited 
to use with large computers. 

The entire 2D APT II system is so 
extensive it is taxing the capacity of 
the IBM 704. However, M.I.T. says 
that, with some loss of flexibility, con- 
siderable economic benefits can be 
gained by using the APT system with 
medium and small size computers. 



Structures Engineers 

The Columbus Division of North American Aviation offers posi- 
tions in structural design ar.d analysis. Development of the T2J 
jet trainer and the A3J Vigilante, an advanced weapon system, 
are two of the major projects causing ourcontinuing staff expansion. 
Additional development work must be accomplished in all fields of 
structures, including structures subject to high temperatures. 

Structural Designers will work in an integrated group ... a group 
composed of designers responsible for their own stress and weights 
calculations. 

We also need Airframe Design Engineers capable of handling 
analytical aspects of component design as well as layouts. Experi- 
ence integrating weight, stress, or loads information into design 
desired. 

If you are interested in advancing from a "board job" to a design 
position, send resume to: 

H. Keever, Manager 
Engineering Personnel, Box AW SI 
North American Aviation, Inc. 

4300 East Fifth Avenue 
Columbus 16, Ohio 

THE COLUMBUS DIVISION OF - 

NORTH AMERICAN AVIATION, INC. % 

Home of the T2J Jet Trainer and the ASJ Vigilante 



Flight Data Recorder 

Flight data recorder, weighing 20 lb. and 
capable of recording up to 14 channels of 
information, will be installed on United Air 
Lines' jet aircraft. Technical Products Divi- 
sion of Waste King Corp., Los Angeles, 
developed device to meet Civil Air Regula- 
tions requirement for flight data recording 
on all aircraft certificated to fly above 25,000 
ft. Unit records information on metallic 
tape, which is practically indestnictiblc, ac- 
cording to Waste King. Each magazine 
(bottom) contains 200 ft. of tape and rec- 
ords a time history of aircraft functions for 
200 hr. Initially. United wall record only 
CAR-required vertical acceleration, com- 
pass heading, airspeed, altitude and time 
data. Other information, such as engine 
performance, may be added later. 
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BLAST-OFF of supersonic Boeing bomarc, the nation's long- 
est-rangc defense missile. Now in volume production for Air Force 
bases under construction. Other Boeing missile projects that offer 
engineers and scientists outstanding career opportunities include 
Minute-man, an advanced solid-propellant intercontinental bal- 
listic missile system. 


BOEING-DEVELOPED electronic counter-meas- 
ures simulator, part of huge electronics installation. 
Boeing research and development facilities arc the 
most extensive in industry. They could help you get 
ahead, faster. Look into Boeing opportunities available 
now, in Research, Design, Production and Service. 



IV rite today, for vaurfree copy of 
24-page booklet, *' Environment for 
Dynamic Career Growth .” It pictures 
the career areas and advantages that 
could assure you a brighter future. 


sailboats on Lake Washington in Seattle, boating capital of 
the U.S. Boeing headquarters are located in evergreen Puget Sound 
area, world famous for fresh and salt water boating, fishing, hunt- 
ing, camping, scenic forests, dramatic snow-capped mountains, mild 
year-round climate. Wonderful Western living for the whole family! 






WHAT'S NEW 


ROHR CONTROLS 
THE CLIMATE 

for professional engineers 



Engineers find a climate of close-knit coordination interwoven with 
wide individual responsibilty at Rohr. 

The many assignments within our medium-sized engineering depart- 
ment mean more scope per man — more personal potential. 

Rohr, worlds largest producer of major aircraft components, has its 
largest backlog in history — more than 60% in commercial contracts — 
more diversified than ever. 

In this short-sleeve climate of opportunity for seasoned engineers 
Rohr needs men now in the fields of: 

STRUCTURES. BRAZING. WELDING, BONDED 
STRUCTURES, LIAISON, INDUSTRIAL 


Please forward your complete resume at once to: Mr. J. L. Hobel, 
Industrial Relations Manager, Rohr Aircraft Corp., Chula Vista, 
California. 


World’s largest 


producer of components for flight 


Chula Vista and Riverside, California 


Reports Available: 

'The following reports were sponsored 
by the Office of Technical Services, 
United States Department of Com- 
merce, Washington 25. D. C. 

List of International and Foreign Scien- 
tific and Technical Meetings— by the 
Library of Congress, and sponsored by 
the Superintendent of Documents. 
Washington 25, D. C.; subscription 
price to be announced. 

FA A Publishes New Guide for Flight 
Instructor Examination— sponsored bv 
the Superintendent of Documents, 
U.S. Government Printing Office, 
Washington 25, D.C. Pocket-size 
booklet, 15*. 

Research Highlights of the National 
Bureau of Standards, Annual Report. 
1958— by National Bureau of Standards 
Miscellaneous Publication 226; order 
from Superintendent of Documents. 
U.S. Government Printing Office, 
Washington 25, D.C. 45*; 138 pp. 

Space Guide, on Outer Space Research, 
Development. Production and Procure- 
ment— purchased from Mr. Vincent F. 
Callahan, Publisher. Evans Building. 
Washington 5, D.C. $10; 150 pp. 

The following reports were sponsored 
by the Office of Technical Services, 
United States Department of Com- 
merce, Washington 25, D. C. 
Fundamental Concepts in the Theory 
of Systems— bv the University of Chi- 
cago, for the Wright Air Development 
Center, U.S. Air Force. November, 
1957; $2.75; 137 pp. (PB 151242). 

interactions Between Display Gain and 
Task-Induced Stress in Manual Track- 
ing Systems— by W. D. Garvey and J. B. 
Henson, Naval Research Laboratory. 
October, 1958. 50*; 5 pp. (PB 1 51046). 

The Identification of Crystalline Fcrro- 
ccnes by X-Ray Diffraction— \\'. L. 
Baun. Wright Air Development Cen- 
ter, U.S. Air Force. Julv, 1958. 75#; 
21 pp. (PB 151310). 

The Determination of Near Infrared 
Spectra— S. Anderson and R. Isaac, the 
Anderson Physical Laboratory for 
Wright Air Development Center, U. S. 
Air Force. August. 1958. $1.00; 31 pp. 
(PB 151309). 

Rocket Exhaust Corrosion Simulator 
F. B. Cramer, Rocketdyne, North 
American Aviation, Inc., for Wright Air 
Development Center, USAF. August. 
1957. S2.7S; 138 pp. (PB 151273). 
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WHO'S WHERE 


(Continued from page 23) 


Changes 

Henry M. Taylor, manager-military mar- 
keting, Electronics Division, Stromberg-Carl- 
son, a division of General Dummies Corp., 
Rochester, N. Y. 

Minnesota Mining & Manufacturing Co., 
St. Paul, Minn., has announced the follow- 
ing appointments to the company’s Ad- 
vanced Research Projects Agency research 
contract for higher energy solid rocket 
fuels: William S. Friedlander, supervisor- 
evalnations research; B. F. Landrum, super- 
visor-synthesis research; James W. Millin, 
business coordinator. 

Kenneth H. Jacobs, director of engineer- 
ing, Grand Central Rocket Co., Redlands. 

Dr. George C. Szego has joined Space 
Technology Laboratories, Inc., Los Angeles. 
Calif. As a member of the Technical Staff. 
Dr. Szego svill do research on advanced 
energy sources and propulsion systems in the 
Special Projects Office. 

Harry T. Dillon, manager of a newly 
established field office at Huntsville. Ala., 
for Convair Division of General Dynamics 
Corp., San Diego, Calif. 

R. W. Falconer, manager of customer re- 
lations, ASTRO, a division of Marcptardt 
Aircraft Co., Van Nuys, Calif. 

William G. Stems, chief engineer. Me- 
ridian Metalcraft, Inc., Whittier. Calif. 

Thomas S. Simpson, manager of the 
newly established San Diego, Calif., branch 
office of Sitnmonds Aeroccssorics, lire., 
Tarrytown, N. Y. 

Fred E. Ressegieu, manager of defense 
projects, Bechtel Corp.. Sail Francisco. 

Peter C. Rossm. general manager. Rc- 
fractomct Division, Uiiiversal-Cyelops Steel 
Corp.. Bridgcvillc. Pa. 

Miss R. M. Alford, director of American 
Airlines' Stewardess College. Fort Worth. 

Oliver J. Greenway, general manager, 
Collins Radio Co.'s subsidiary Couiiniiiuca. 
tion Accessories Co.. Lee’s Summit, Mo. 

Lee E. Sheehan, director of service engi- 
neering, Minneapolis-Honeywcll Regulator 
Co.'s Ordnance Division, llopkius. Minn. 
Frank R. Wright. Jr., succeeds Mr. Shee- 
han as Seattle, Wash., regional manager- 
sales, Minneapolis-! loncywcll's Military 
Products Group. 

Arthur R. richtcr, director of customer 
relations, Chicago Aerial Industries, Inc., 
Melrose Park, 111. 

Stuart D. Grandficld. contracts manager. 
Infrared Industries, Inc., Waltham, Mass. 

Stanley I. Kramer, chief-electronics divi- 
sion. Research Department, Fairchild As- 
trionies Division, Fairchild Engine and Air- 
plane Corp., Wyandanch, N. Y. 

Lawrence P. Faber, Jr., manager of the 
newly established divisional Western Field 
Engineering Office, Redwood City, Calif., of 
Grecnleaf Manufacturing Division of Man- 
drel Industries, Inc., St. Louis, Mo. 

Elby D. Martin and Harry L. Anderson, 
military relations engineers. Semiconductor- 
Components Division. Texas Instruments, 
Inc., Dallas. Tex. 

John A. Andrews, advertising and public 
relations manager. Grand Rapids Division- 
Lear. Inc.. Grand Rapids. Mich. 


Electronic Specialists 

Electronic engineers will find new worlds of oppor- 
tunity in Columbus where we offer not just hardware 
engineering but systems management for advanced 
weapon systems. 

Whether your specialty is airborne antenna develop- 
ment, ECM, data processing, reconnaissance and map- 
ping, infrared, photographic and optics, bombing and 
navigation equipment, active or passive radar develop- 
ment— you'll find NAA-Columbus aggressively pushing 
research and development in your field. 

Suburban living is tops in Columbus, and our tuition 
refund program allows you to take advanced courses at 
nearby Ohio State University at little cost to yourself. 

For details, write to: 

H. Keever 

Engineering Personnel Manager, Box AW 125 
North American Aviation, Inc. 

Columbus, Ohio 

THE COLUMBUS DIVISION OF 

NORTH AMERICAN AVIATION, INC. j 

Home of the T2J Jet Trainer and the ASJ Vigilante 


ENGINEERS 

• Design • Research • Development 

• Electrical Controls * Gearing • Bearings 

Projects include constant speed drives, 
hydraulic motors, pumps and other com- 
ponents for commercial and military air- 
craft and missiles. 

Send Resume ond Technical Background Data to; 

SUNDSTRAND Personnel, Dept. A, 1401-23rd Ave., Rockford, III. 

SUNDSTRAND AVIATION 


Fluoroflex-T ( Teflon ) hose for high pressure systems 
now tested to the new Resistoflex standard of 


250,000 


impulses 


instead of industry-recognized 100,000 cycles 

cep. 233 RESISTOFLEX Corporation, Roseland, : N. J. 
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EMPLOYMENT OPPORTUNITIES 


SALES EXECUTIVE 

Rapidly expanding air- 
craft and missile instrument 
manufacturing firm needs 
successful man to direct 
sales program. Liberal 



Outstanding career opportunities 

for structural engineers in research, 
design, development of aircraft, 
missile and space-vehicle structures 






EMPLOYMENT OPPORTUNITIES 


HIGH-LEVEL ENGINEERS 

to work on exciting new 

ANTI-MISSILE PROJECT 

in sunny San Diego 


Brilliant ground-floor opportunities in the 
fields of: 

FLUID SCIENCES FLIGHT MECHANICS 

DYNAMICS STRUCTURES 

AIRBORNE RADAR SYSTEMS 


missile defense. It is the latest of 
several highly advanced projects 
of Solar’s Missile and Space 
Group. The right men joining now 
will get in on the ground floor and 
gain key creative positions in their 
fields of interest. It will he to your 
advantage to learn complete 
details immediately. 

SOLAR SPECIFICS 
Solar is a medium-size company 
(2500 people in San Diego) with 
a successful history since 1927. It 
is big enough to offer the most 

small enough so you don't get lost 


in the crowd. Salary and perform- 
ance reviewed semi-annually. Lib- 
end relocation allowances. Solar is 

the special professional status of 
engineers is fully appreciated and 
recognized. A new 60,000 sq. ft. 
engineering building, necessitated 

opment, will he completed in 1959 
on the edge of San Diego Bay. 

SEND RESUME 

to Louis Klein, Dept. E-351, Solar 
Aircraft Company, 2200 Pacific 
Highway, San Diego 12, Calif. 
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turbines has made a new market, 
bringing new freedom to designers 
and users of fixed and rotary wing 
aircraft . and in addition, has 
made weight savings for lighter, 
faster fighters and missiles. These 
engines show their worth even more 
1 ssuch 
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and feeder craft ... all the down- 
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people — people of curiosity, 

these opportunities now and build 
our market. For these people, there 

Engine Department.” 


Aircraft Gas Turbine 


SENIOR 

ENGINEERS 


immediate openings: 

CONTROLS 

Several openings in design, 
development and evaluation of fuel 
systems and engine controls. 
Develop extremely compact, 
reliable devices; employ servo- 
analysis techniques; devise 
ingenious packaging approaches, 
intricate lever systems, linkage 
mechanisms. 

ENGINE EVALUATION 

You must have a broad knowledge 
of mechanical, thermodynamic 
and controls design characteristics. 
You’ll plan and direct engine 
development testing programs, 
determining technical procedures 
and establishing schedules and 
specifications for manufacturing 
and test equipment services. You’ll 
identify design differences and 
initiate corrective action measures. 
Responsible positions also open at 
all levels in all other areas. 

Inquire in complete confidence. 

Mr. Charles Durakis 

Professional Recruiting & Placement 

SMALL AIRCRAFT ENGINE DEPARTMENT 

GENERAL^) ELECTRIC 
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PRESSURE TRANSDUCERS 


INSTRUMENTS, INC. 






WIDE TUNING RANGE • AIR COOLED 


The highly efficient VA-802 has been designed to meet the rigid demands of 
both fixed station installations and transportable service. Simple to install and 
operate, it provides rugged reliability at low operating cost — with power output 
of 1 Kw, tuning range of 1.7 to 2.4 kMc. Features of this 18" Klystron with perma- 
nent magnet include: Trouble-free internal cavities, low noise and long life. 

Varian makes a wide variety of Klystrons and Wave Tubes for use in Radar, 
Communications, Test and Instrumentation, and for Severe Environmental 
Service Applications. Over 100 are described and pictured in our new catalog. 
Write for your copy — address, Tube Division. 


VARIAN associates 

PALO A LT O 2 2, C A L I F O R N I A 
Representatives thruoet the world 


VA-800 

1.7 to 2.4 kMc 

lOkW cw 

VA-802 

1.7 to 2.4 kMc 

lkW cw 

VA-804 

4.4 to 5.875 kMc 

2kW cw 

VA-805 5.875 to 6.425 kMc 

2kW cw 

VA-806 

7.125 to 8.5 kMc 

2kW cw 

VA-822 

9.9 to 10.8 kMc 

1 kW cw 

VA-833A, B 

.47 to .985 kMc 

lOkW cw 


KLYSTRONS, TRAVELING WAVE TUBES, BACKWARD WAVE OSCILLATORS, HIGH VACUUM PUMPS, LINEAR ACCELERATORS, MICROWAVE SYSTEM COMPONENTS. 
R. F. SPECTROMETERS, MAGNETS, MAGNETOMETERS, STALOS, POWER AMPLIFIERS, GRAPHIC RECORDERS, RESEARCH AND DEVELOPMENT SERVICES 




